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1906. 

Bericht.     1902,  1903,  1904,  1905. 
Bologna. — R.  Accademia  delle  Scieme  delVIatituto  di  Bologna. 

Rendiconto.     N.  S.     Vol,  V-VIII.     1900-1904, 

B 
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Bombay. — Bombay  Branch  of  the  Royal  Aaiatio  Bociety, 

Journal.     No.  LIX~LX.     1904-1906 ;   and  extra  number,  1905. 
Oovemmeni  Observatory, 

Magnetical  and  meteorological  obserratlons.     1900-01. 
Bonn. — Naiurhistorischer  Verein  der  preu$$iBchcn  Rheinlande,  Westfalens  und 
deM  RegierungB-BesirkB  0$nabnick. 

Verhandlungen.     Jahrg.  LIX.  2-LXII.  2.     1902-1905. 

Sitzungsberichte   der  nlederrhelnischen  Gesellschaft  fUr  Natur-  und 
Heilkunde.     1903.  1-1905.  1. 
Bordeaux. — Acadimie  yaiionale  des  Sciences,  BeUes-Lettres  et  Arts. 

Acts.     Ann^.     LXIII-LXVI.     1901-1004. 
BociiH  des  Sciences  Physiques  et  Naturelles. 

M^molres.     Tom.  II-III.     1903-1904. 

Procfes-verbaux.     Annte.     1901.  2-1904.  5. 

Table  g^n^rale,  publications,  1850-1900.     1905. 
Commission  Mit^orologique  de  la  Oironde. 

Obseryations  pluviom^triques  et  thermom^trlques.     Juln,  1904  &  mat, 
1905. 
Bremen. — yaiuncissenschaftUcher  Verein. 

Abhandlungen.     Bd.  XVIfl.  1-2.     1005-1906. 
Meteorologischcs  ObserxmtoiHum. 

Deutscbes  meteorologisches  Jahrbuch.     Jahrg.  XIII-XTI.     1902-1906. 
Breslau. — Schlesische  Oesellschaft  fUr  vatcrldndlsche  Cultur. 

Jahres-Berlcht.     LXXX-LXXXIII.     1902-1905. 

Die  Hudertjahrfeier  u.s.w.     1004. 

Festgabe  von  T.  Schnbe.     1903. 
Brisbane. — Queensland  Branch  of  the  Royal  Geographical  Society  of  Austral- 
asia. 

Queensland  geographical  loumal.     Vol.  XVIII-XX.     1003-1905. 
Bat^NN. — Naturforschender  Verein. 

Verhandlungen.     Vol.  XL-XLIII.     1901-1904. 

Bericht   der   meteorologlschen   Commission.     XX-XXIII.     1900-1905. 
Bruxelles. — Academic  Royale  des  Sciences,  des  Lettres  et  des  Beaw^-Arts  de 
Belgique. 

M<^moires.     Tome  LIV.  6,     1904. 

M^moires  de  la  classe  des  sciences.     Vol.  I.     1905. 

M^moires  couronn^s  et  m^moircs  des  savants  strangers.     Tome  LIX. 
4  ;    LXI-LXII.  7.     100:i-l»)04. 

M^moires  courann^s  et  autrcs  m^molres.     Tome  LXIII-LXVI. 

Bulletins.     Classe  des  sciences.     1903-1906.  4. 

Annuaire.     LXX-LXXII.     1904-1906. 
Musie  Royal  d'Hisfoire  Naturelle  de  lielgique. 

M^molres.     Vol.  I-If.     1003. 
Obserratoire  Royale  de  Belgique. 

Annuaire  astronomiqne  pour  1906. 

Annales  astronomique.     T.  IX.  1,  1004  :   nonv.  s^r.,  T.  III.  1,  1906. 
Soci6i6  Entomologique  de  Belgique. 

Annales.     Tome  XLVI-XLIX.     1902-1006. 

M^moires.     Vol.  IX-XIV.  2.     1902-1006. 
Soci^tS  Royale  Beige  de  Geographic. 

Bulletin.     Ann^  XXVII-XXIX.     1903-1906. 

XXV  e  annlversaire.     1903. 
Socttti  Royale  de  Botanique. 

Bulletin.     Vol.  XI^XLII.  2.     1903-1905. 
Society  Royale  Zoologique  et  Malacologique  de  Belgique. 

Annales.     Tome  XXXV I-XL.     1902-1905. 
BucAREST. — Institut  m^Uorologique  de  Roumanie. 

Annales.     Tome  XVI.     1900. 
Socidi^  des  Sciences. 

Bulletin.     Vol.  XII-XVI.  4.     1903-1906. 
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BucABEST.-^iSoc^^fatea  Farmaci$titor  din  Romania, 

Revista  farmacioi.     An,  17,  Nos.  1-9.     1905. 
Budapest. — KSniglich    UngarUche   Reictisanatalt   fiir   Meteorologie   und   Erd- 
magnetitmue. 

Berlcht.     1902,  1903,  1904. 

Jahrbilcher.     Jahrg,  XXXI-XXXIII.  3.     1902-1903. 

Publlcatlonen.     Bd.  VI.     1004. 

Namen-    und    Sachreglster    der    Bibllothek    des    ObserTatorlams    In 

6-Gyalla.     190:^-1903. 
Bibllothek,  VerselcholBS  erworbener  BUcber.     1904  (3). 

8oci^i6  Royale  hongroise  (|e«  sciences  naturellee. 

Mathematische  und  naturwlBsenschaftUche  Berlchte  aus  Ungam.     Bd. 
XVII-XX;   XXIII.     1899-1905. 
BcENOS  Aires. — Bociedad  Cientiflca  Argentina. 

Anales.    LV.  3-6 ;   LVI.  1-6,  10-11 ;  LVII.  2-3.  5-7  ;  LVIII-LXII.  1. 
1903-1906. 

Muaeo  nacionaL 

Anales.     Ser.  3.     Vol.  II-V.     1003-1905. 

Direccidn  General  de  Estadistica  de  la  Provinda. 

Boletfn  mensual.     Vol.  III.  25,  29;    IV.  30-39,  41-45;    V.  48;    VI. 

49-56,  58,  60 ;   VII.  66-68. 
Demografla.     1899  :    1901 ;    1902. 
CAEJf.r—SociH^  lAnn^enne  de  Normandie. 

Bulletin.     6e  s^r.     Vol.  VI-VIII.     1902-1905. 
M^molres.     Vol.  XXI.  1.     1902-1904. 
Calcutta. — Asiatic  Society  of  Bengal. 

Journal.     Vol.  LXXI,  part  1,  2,  and  extra  no.  2;    LXXII-LXXIII, 

part  III.  4.     1904. 
Proceedings.     No.  11  extra  ;   1903-1904. 
Journal  and  proceedings.     Vol.  I.  1-10,  and  extra  number;    II.  1-3.  ' 

1905-1906. 
Memoirs.     Vol.  I.  1-9.     1906. 

• Board  of  Scientific  Advice. 

Annual  report.     1902-3;    1904-5. 

Geological  Survey  of  India. 

Palaeontologla   Indica.     Ser.   IX.   Vol.   III.   2;    Ser.   XV.   Vol.   I.   5; 

IV.  1 ;   new  ser.,  Vol.  II.  2. 
Records.     Vol.  XXXI-XXXIV.  2.     1904-1006. 
Memoirs.     Vol.   XXX.   3-4;    XXXIV.   3;    XXXV.   2-3;    XXXVI.   1. 

1904-1905. 
General  report.     1902-3. 
Contents  and  Index  of  Vols.  21-30  of  the  Records.     1903. 

Imperial  Department  of  Agriculture. 

Annual  report.     1904-5. 

Memoirs.     Vol.  I.  1.     1906. 

Memoirs.     Botanical  series.     Vol.  I.  1-4.     1906. 

Meteorological  Department  of  the  Government  of  India. 

Indian   meteorological   memoirs.       Vol.   XIV ;    XV.   1-3  •    XVI    1-2  • 
•  XVII ;    XX.  1.     1903-1906. 

Monthly  weather  review.     Dec,  1902,  to  April,  1906. 
Rainfall  of  India.     1902,  1903,  1904. 
Report  on  administration.     1902-3  to  1905-6. 
India  Weather  Review.     Annual  summary.     1004. 
Cambridge  ( England)  . — Observatory. 
Annual  report.     1904-5. 

Philosophical  Society. 

Transactions.     Vol.  XIX.  3-XX.  10.     1904-6. 
Proceedings.     Vol.  XII.  2-XIII.  6.     1903-1006, 
Catania. — Accademia  Gioenia  di  Bcienzc  Naturali. 

Attl.     Ser.  IV.     Vol.  XVI-XVIII.     1903-1906. 

Bolletino  delle  Seduto.     Xuova  serie.     Fasc.  76-91.     1903-1900. 
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Catania. — Societd  degli  Spettroscopiati  Italiani. 

Memorie.      Vol.   XXXII-XXXV.   8.     1903-1906. 
1003-1906. 
CuEMN  ITZ. — yaturwiasenschaftUche  Oesellschaft. 

Berlcht.     XV.     1899-1903. 
Cherbourg. — SocUU  Rationale  des  Sciences  XafureZJea. 

M^molres.     Tome  XXXllI.  2 ;    XXXIV.     1903-1904. 
Christian lA. — Kong,  yorake  Vnivcraitet.' 

Observatorlam.     Publication.     1903. 

Norskc  GradmaalingskommUslon.       Vandstands-Observatloner.       VI. 

1904. 

yoncegiachea  meteorologiachea  Inatitut. 

Jahrbuch.     1900-1904. 

Videnakaha  Selakabet. 

Forhandllnger.     1902-1905. 
Chur. — yaturforachende  Gcaellaclwft  Grauhilndena. 

Jahresberlcht.     Neup  Folge.     Bd.  XLI-XLII.     1904-1905. 
Congrda  international  de  Botanique. 

Texte  synoptique  des  documents  destines  d.  servlr  de  base  aux  d^bats 
Bur  les  questions  de  nomenclature,  par  .T.  Briquet.     Berlin,  1905. 
Copenhagen. — L' Academic  Hoyale  dea  Sciences  et  dea  Lettrea  de  Danemark. 

Bulletin  (Overslgt).     1905,  no.  6—1906,  no.  3. 
Cordoba. — Academia  yacional  de  Ciendaa. 

Boletln.     Tome  XVII.  2-XVIII.  1.     1902-1905. 
Danzig. — yaturforachende  Oesellschaft. 

Schrlften.     Neue  Folge.     Bd.  XI.  1-4.     1904-1906. 
Katalog  der  Bibliotbek.     Heft  1.     1904. 
Dijon. — Academic  dcs  Sciences,  Arts  et  Belles  Lettres. 
M^molres.     S^r.  IV.     Tome  IX.     1905. 
'  DoRFAT. — Oelehrte  Estniache  Oesellschaft. 
Sltzungsberlchte.     1902-1905. 
Verhandlungen.     Bd.  XXI.  1-2.     1904. 

yaturforscher-Gesellsrhaft  hei  der  Universitdt  Dorpat. 

Archlv  fllr  die  Naturkunde  Llv-   Ehst-  und  Kurlands.     Ser.  II.     Bd. 

XII.  2-XIII.  1.     1902-1906. 
Sltzungsberlchte.     Bd.  XIII.  1;    XIV.  1.     1902-4. 
Schrlften.     Bd.  XI-XVI.     1902-1906. 

^cole  RCale.     Station  mCt^orologique. 

Observations.     1904.  1-5. 
Dresden. — yaturwissenschaftliche  Oesellschaft  Isi^. 

Sltzungsberlchte  und  Abhandlungen.     1904-1906,  I. 

Verein  fUr  Erdkunde. 

Jahresberlcht.     VI,   XXVI-XXVII.     1898-1901. 

MitgUederverzelchniss.     1004. 

Rlchter   (P.  E.),  Lltteratur  der  Landes-  und  Volkskunde  des  Konlg- 

relchs  Sachsen,  Nachtrag  4.     1903. 
Mlttellungen.     Heft  1905  ;    1906,  1. 
BUcher-Verzelchnlss.     1905. 
Schneider  (O.),  Muschelgeld-studlen.     1905. 
Dublin. — Royal  Dublin  Society. 

Economic  proceedings.     Vol.  I,  3-8.     1902-1906. 

Scientific  proceedings.    New  ser.     Vol.  X.  1-2  ;  XI.  1-12.     1903-1906. 
Scientific  transactions.     Ser.  II.     Vol.  VII.  14-16;    VIII.  1-2,  5-16; 
IX,  1-3.     1903-1906. 

. Royal  Irish  Academy. 

Transactions.     XXXI I,  A.,  6-10;   B.,  2-A  ;   C,  1-3;   XXXIII,  B..  1-2. 
Proceedings.     Vol.    XXIV-XXV ;     XXVI,    B.,    1-3;     C,    1-4.     1904- 

1906. 
Todd  Lecture  Series.     Vol.  XIII.     1906. 
Edinburgh. — Botanical  Society. 

Transactions  and  proceedings.     Vol.  XXII-XXIII.  1.     1901-1905. 
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Edinburgh. — Geological  Society. 

Transactions.     Vol.  VIII.  2-8,  and  special  part.     1909-1005. 
Royal  Physical  Society. 

Proceedings.     Vol.  XV.  1-XVI.  6.     1001-1905. 
Royal  Society. 

Proceedings.     Vol.  XXIII-XXVI.  5.     1899-1906. 
Emden. — Naturforachende  OeseUschaft. 

Jahresberlcbt.     LXXXVII-LXXXIX.     1901-2  to  1903-4. 
Erfubt. — K6n.  Akademie  gemeinnUtziger  Wisaenschaften. 

Jahrbflcher.     Neue   Folge.     Heft  XXIX-XXXI.     1903-1905. 
B'iBEXZE. — Biblioteca  Nazionale  Centrale. 

Bolletino  delle  pubbllcazloni  Itallane  rlcevuto  per  dlrltto  di  stampa. 
N.  S.  no.  31,  56,  68.     1903-1906. 
Frankfort  a.  M. — Deuttchc  Malakozoologische  OeaelUchaft. 

Nachrlchtsblatt.     .Tahrg.  XXXIV.  5-12 ;    XXXVI.  1-4  ;    XXXVII.  1- 
4  ;    XXXVIII.  4.     1903-1906. 
Senckenbergiache  Naturforachctide  Oesellachaft. 

Abhandlungen.      Bd.   XX.   4;    XXV.   4;    XXVII.    2-4;    XXIX.    1; 
XXX.  1.     1903-1905. 

Berlcbt.     1903,  1904,  1905. 
Frankfurt     a.     O. — yaturwiaaenschaftlicher    Verein    dc9    Regierungabezirks 
Frankfurt. 

Helios.     Abhandlungen   und   monatllcbe  Mltthellungen.     Jabrg.   XX- 
XXIII.     1903-1906. 
Freiburg  i.  B. — Naturforachende  Oeaellachaft. 

Berlchte.     Bd.  XIII-XIV;    XVI.     1908-1906. 
GBNfiYE. — Inatitut  National  Oencvoia. 

Bulletin.      Tome   XXXVI.      1906. 
SociSti  de  Phyaique  ct  d'Hiatoire  yaturelle. 

M^molres.     Tome  XXXV.  1-2.     1904-1906. 
Genova. — Museo  Clvico  dl  Storia  Naturale. 

Annall.     Tom.  XLl.     1904-5. 
Giessen. — Oberheaaiache  Qeaellachaft  filr  Nalur-  und  Heilkunde. 

Berlcbt.  XXXIV;    Neue  Folge,  medlzlnische  Abtellung,  Bd.  I.     1903- 
1906. 
Glasgow. — Philoaophical  Society. 

Proceedings.     Vol.  XXXIV-XXXVI.     1903-1005. 
Natural  Hiatory  Society. 

Transactions.     New  ser.     Vol.  VI.  3-VII.  2.     1901-1904. 
GOrlitz. — Na turforachende  Oeaellachaft. 

Abhandlungen.     Bd.  XXIV-XXV.  1.     1904-1906. 
GOtebobo. — Kon.    Vetenakapa    och    Vitterheta   SamhUlle. 

Handllngar.     4de  f61J.     H«ft.  V-VI.     1903. 
GOttinoen. — Kdn.  Oeaellachaft  der  Wiaaenachaften. 

Nachrlchten.     Phllosophlsch-hlstorische  Klasse.     1903,  4-1006,  2  und 
Belheft. 

Mathematlsch-physlsche  Klasse.     1903 ;    1905,  5. 

GeschaftUche  Mltthellungen.     1903,  1-2,  5  ;    1904,  1-3  ;    1905, 

1-2;    1906,  1. 
GDstrow. — Verein  der  Freundc  der  Xaturgcachichte  in  Mecklenburg. 

Archlv.     Jahrg.  LVI-LX.  1.     1902-1906, 
Haarlem. — Muaie  Teyler. 

Archives.     S^r.  II.     Vol.  VIII.  3-5 :    IX.  1-4  ;   X.  1-2.     1903-1906. 

Catalogue  de  la  biblloth^ue.  III.     1904. 
Sociiti  Hollandaiae  dca  Sciences. 

Archives  niterlandalses.     S^r.  II.     Tom.  VIII.  2-XI.  5.     1903-1906. 
Habana. — Real  Colegio  de  Bilen. 

Observadones  meteorologlcas  y  magnetlcas.     1881-1884  ;    1902-1905 ; 
1905. 

Las  dlferentes  corrlentea  de  la  atmosfera  en  el  clelo  de  la  Habana, 
por  el  P.  L.  Gangoltl,  S.  J.     Doc,  1904. 
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Habana. — Real  Colegio  de  Belen: 

Gutierrez-Lanza,  M.  Apuntes  historlcos.     1904. 

Perturbaclon  ciclonlca.  Oct.,  1904.     1905. 
Halifax. — 2iova  Scotian  Institute  of  Itaturat  Science. 

Proceedings  and  transactions.     Vol.  XI.  1.     1902-1903. 
Department  of  Mines,  Nova  Bcotia. 

Report.     1905. 
Hallb  a.   S. — Kais.  Leopoldinisch-CaroUnische  deutache  Akademie  der  Natur- 
forsoher. 

Nova  acta.     Bd.  LXXXI.  1 ;    LXXXIV.  3.     1906. 

Leopoldina.     Heft  XXXIX-XLI.     1902-1905. 
Naturforachend^  Oeaellaohaft. 

Abliandlungen.     Bd.  XXIV.     1906. 
Hamburg. — Deutache  Seewarte. 

Aus  dem  Archlr.     Jabrg.  XXV-XXIX.  1.     1902-1906. 

Ergebnisse  der  meteorologiscben  Beobacbtungen,  1896-1900.     1904. 

Katalog  der  Blbllothek.     Nachtrag  IV-VI.     1903-1905. 

Deutscbes  meteorologiscbes  Jahrbucb.      Jabrg.  XXY-XXVII.      1902- 
1906. 
'-NaturwiaaenachaftUcher  Verein. 

Abbandlungen.     Bd.  XYIII-XIX.     1903-1904. 

Yerbandlongen.     3te  Folge.     X-XI ;    XIII.     1903-1905. 
Hannover. — Naturhiatoriache  Oeaellachaft. 

Jabresberlcht.     I/-LIV.     1899-1904. 
Lb  Havre. — Sooiit^  G4ologique  de  Nomiandie. 

Bulletin.     Tome  XXII-XXV.     1002-1906. 
Helsinofors. — Societaa  pro  Fauna  et  Flora  Fennica. 

Acta.     Vol.  21-26.     1901-1904. 

Meddelanden.     Vol.  28  (1-2)  ;   30.     1902-4. 
Societaa  Scientiarum  Fennica. 

Ofersigt  af  fOrhandlingar.     XLIV-XLVI.     1902-1904. 

Observations  publics  par  I'Institut  M^t^orologique  Central.     1891-2; 
1893-4;    vol.  XVI-XX  (1895-1906). 

Tbe    same :     ^tat   des   glaces   et   des   neiges.       1892-3    to    1894-5 ; 
1904-5. 
Societaa  Scientiarum  Fennica, 

Acta.     Tom.  XXV.  1 ;    XXVIII-XXXI.     1899-1903. 

Bidrag    till    kSnnedom    af   Flnlands   natur   ocb   folk.      Hftft.    61-62. 
1902-3. 
Heruannstadt. — SiebenhUrgiacher  Verein  fiir  Natur uHaaenachaften. 

Verbandlungen  und  Mittbeilungen.     Bd.  LII-LIV.     1902-1904. 
HoBART. — Royal  Society  of  Tasmania. 

Papers  and  Proceedings.     1808-9  to  1902.     1900-1903. 
Kasan. — Obaervaioire  m^t^orologique. 

Bulletins.     June,  1902-Feb.,  1903. 
Sociit^  Phyaico-math^matique  de  VUniverait^  Imp^riale. 

Bulletin.     S4r.  II.     Tome  XI-XV.  1.     1902-1005. 
Kharkov. — SodM^  dea  adencea  phyaico-chimiquea. 

Travaux.     XXVIII-XXXII.     1900-1904. 

Supplements,  Fasc.  8-10.     1897-1904. 

Kiel. — K6n.  Christian  Albrechta-Universitat. 

Schriften.     1902-3;    1903-4. 

92  dissertations.     1005. 
yaturwiaaenaohaftUcher  Verein  fiir  Schleavoig-Holatein. 

Schriften.     Bd.  XII.  2 ;    XIII.  1 ;    Register,  Bd.  I-XII.     1904. 
Kiev. — Soci6t€  dea  NaturaUatea. 

Mtfmoires.     Tomes  XVII.  2-XX.  1.     1902-1906. 
Kjobenhavn. — Kon.  Danake  Videnskabernes  Selskab. 

Oversigt  over  forhandlinger.     1903-1905,  5. 
Naturhistorisk  Forening. 

Videnskabelige  meddel  scr.     Aaret  1903-1905. 
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KLAU8ENB0R0. — KoloaBvUri  moffyar  Kirdlyi  Ferenoz  J6z$€f  tudomdnyeffyetem. 

Annales.     1905-1006. 
KoDAiKlNAL. — Ohtervatory. 

Bulletin.     No.  1-6.     1904-1906. 

^Annual  report.     1906. 

K0NIG8BERO. — KOnigh  phyHkaUsch-Okonomitche  Oesellachafi, 

Schrlften.     Jahrg.  XLIII-XLVI.     1902-1905. 
Krakow. — K,  K,  Stemwarte. 

Materyaly  do  kllmatografil  Gallcyl.     Rok  1903. 

Meteorologische  Beobacbtungen,  Hal,  1905  bis  Sept,  1906. 
Akademifa  Umiej^tnoaoi. 

Komlsya  flzyjograflcxna.     Materyay  lebrane  pnez.     Sekcy^  meteor- 
ologlczna  w  rokn  1904.     (Spraw.  Kom.  flzyogr.-  T.  89.) 

Ktoto. — College  of  Soienoe  and  Engineering,  Imperial  Univereity. 

Memoirs.     Vol.  I.  1-2.     1903-1905. 
Ijk  Plata. — Universidad. 

Facultad  de  clenclas  flslco-matematicas.  Publlcaclones.     No.  2.     1904. 
La  Rochelle. — AeadSmic,    Soci4t4  den  Sciences  Naturellee. 

Annales.     No.  34.     1902-1905. 
SociiU  dee  Sciences  "Saiurelles  de  la  Charente  InfMeure, 

Annales.     1902. 
Lausanne. — Sooi^ti  Vauddse  des  Sciences  Naturelles. 

Bulletin.     5e  s^r.     Vol.  XLI,  no.  146-XLII,  no.  156.     1906-1906. 
Leiden. — Nederlandsche  Dierkundige  Vereeniging. 

Tljdscbrlft.      Ser.    II.      Deel   VIII.    1-4;     IX,   X.    1-2.      1903-1906. 

Aanwlnsten  van  die  blbllotbeek,  1  Jan.-31  Dec.,  1904. 

Catalogus  der  blbllotheek,  4  ultgave;   1  veryolg.     1904. 
Stemwarte. 

Verslag.     1902-1004. 
Leipzig. — FUrstl.  Jahlonowski'scTte  Oesellschaft. 

Jabresberlcbt.     1906. 
K6n.  Sdchsische  Qcsellschaft  der  Wissenscfiaften. 

Berlchte.      Matbematiscb-ptaystscbe    Klasse.      Bd.    L^    matb.    Tbell 
I-II ;   LIV.  6-LVII.     1898-1906. 


Verein  fUr  Brdkunde. 

Mitttaellnngen.     1902 ;   1903,  1 ;   1904  ;   1905. 

Wlssenscbaftlicbe  VerSffentHcbungen.     Bd.  VI.     1904. 
Lbmbbrq. — SevoenkO'OeseUsohaft  der  WissensclMften. 

Cbronlk.     1903,  1-2,  6  ;   1904-1906,  2. 

Sammelscbrlft      der      matbematlscb-naturwissenscbaftllcb-HrztUcben 
Section.     Bd.  X.     1905. 
LitGB. — Soci€t4  Royale  des  Sciences. 

M^moires.     S«r.  III.     Tom.  V.     1904-1905. 
Lima. — Cuerpo  de  Ingenieros  de  Minas  del  PerA. 

Boletin.     No.  3-43.     1903-1906. 

Memorla.     1904-1905. 
Lisboa. — Sociedade  de  Geographic. 

Boletlm.     Serie  XX.  1-6;    XXI.  2-XXIV.  8.     1903-1906. 
Real  Observatorio  Astronomico. 

Two  pamphlets.     1904. 
Llinas  (Barcelona). — Ohservatorio  Belloch. 

Obserraciones  meteor61oglcas.     July,   1902-I>ecember,   1903. 
London. — Geological  Society. 

Quarterly  Journal.     LIX-LXII.     1003-1906. 

List.     1904;    1005;    1906. 

Geological  literature  added  to  the  library.     1002,  1904,  1905. 
Linnean  Society. 

Journal.     ZoQlogy.     No.  187-190.     1903-1904. 

BoUny.     No.  246,  247,  252,  257,  262. 

Proceedings.     1902-1906. 

List.     1903-4  to  1906-7. 
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tiONDON. — yational  Physical  Laboratory. 

Report.     1902,  1903. 
Royal  Society. 

Philosophical  transactions.     Vol.  CXCV-CCV. 

Year-book.     1904. 

Reports  to  the  evolution  committee.     II.     1905. 

Obituary  notices  of  Fellows.     Parts  1-3.     1904. 

Reports  of  the  sleeping  sickness  commission.     I,  VI.     1903-1905. 

Report  on  Cejlon  pearl  oyster  fisheries,  by  W.  A.  Herdman.     I-IV. 
1903-1906. 
LorvAiN.— La  Cellule.     Tome  XX.  2-XXII.  2.     1903-1904. 
Lund. — Kongl.   CaroUnska  UnirerMtet. 

Acta.     Tome  XXXVII-XL.     N.  F.     2,  1.     1901-1905. 

Blblloteks  Irsberilttelse.     1904. 

Fran    Fllologlska    Fgrenlngen,    Sprakliga    Uppsatser.      I-III.      1897- 
1906. 

Odmanska  donationen  till,  Fdrtechnlng  dfyer  dess  Psykiatrlsk-Neur- 
ologlska  del.     1906. 
Luxembourg. — Institut  Grand-Ducal. 

Publications.       Section   des  sciences  naturelles,   physiques  et  math4- 

matiques.     Tome  XXVII.  B.     1904. 

Archives  trlmestr.     Fasc  I,  II.     1006. 
Lyon. — Aoadimie  des  Sciences,  Belles-Lettrcs  et  Arts. 

M^moires.     Sciences  et  lettres.     3e  s^r.     Tome  VI I- VII  I.     1903-1905. 
Socl6t4  d'Agriculture,  Sciences  et  Industrie. 

Annates.     1905. 
Madras. — Oovemment  Observatory. 

Report.     1903;    1904. 
Madrid. — Comisidn  del  Mapa  Geoldyico  dc  Espaila. 

Explicaci6n  del  mapa  geol6gico  de  Espafia.     Por  L.  Mallada.     Tom. 
V.     1904. 
Observatorio  Astronomico. 

Observaciones  meterol6glcas.     1900-01 ;    1904. 

Memorla  sobre  el  eclipse  de  sol.     1904. 

Instnicidnes  para  observar  el  eclipse  de  sol.     1905. 
Manchester,  England. — Literary  and  Philosophical  Society. 

Memoirs  and  proceedings.     Ser.  IV.     Vol.  XLVII.  3-L.  3.     1902-1906. 
Marburg. — Qesellschaft  eur  Befdrderung  der  gesammten  Naturtcisscnschafien. 

Sltzungsberichte.     Jahrg.  1902-1905. 
Melbourne. — Public  Library,  Museums  and  National  Gallery  of  Victoria. 

Catalogue  of  current  periodicals.     1905. 

Memoirs,  National  Museum.     No.  1.     1906. 

Armstrong,    E.    LaT.       Book    of   the    Public   Library,    Museums   and 
National  Gallery  of  Victoria,  1856-1906.     Melbourne,  1906. 

President's  address  on  opening  exhibition  of     .     .     .     Books.     1906. 

Catalogue  of  exhibition  of  books,  etc.,  1906. 
Mbtz. — A  cad6m  ie. 

M^molres.     3e  s6r.     Ann^  XXIX-XXXIII.     1899-1004. 
Mexico. — Academia  Mericana  dc  Ciencias. 

Anales.     Vol.  I.  1-2.     1903. 
Instituto  Geoldgico  de  Mexico. 

Boletln.     No.  20-21.     1905-1906. 

Parergones.     Tomo  I.  1-10.     1903-1906. 
Instituto  Medico  Nacional. 

Anales.     Tomo  V.  6-7 ;    VI-VIII.  1.     1902-1906. 
Observatorio  Meteoroldgico  Central. 

Boletin  mensual.     1902,  no.  2-11 ;    1904,  5-6. 
Sociedad  Cientiflc^i  "Antonio  Alzate." 

Memorias  y  revlsta.     Tomo  XIII.   7-10 ;    XIV-XVIII ;    XIX.   6-12 ; 
XX-XXIII.  4.     1902-1906. 
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Mexico. — Sociedad  Mexicana  de  Historia  Natural. 

La  naturaleza.     Ser.  II.     Tomo  III.  5-10.     1900-1901. 
MiDDELBUBG. — Ze€ut08ch  Oenoot8C?Mp  der  Wetenachappen, 

Arcbief.     1903,  1904,  1905. 

Fokker,  M.  Proeve  Tan  eene  lijst  beyattende  de  yroegere  namen  der 
buizen  in  Middelburg.     1904; 

Zelandia  illustrata.     Verrolg.  3-4.     1902-1905. 
MiLAKO. — Real  Utituto  Lomhardo  di  Scienze  e  Lettere. 

Rendlconto.     Serle  II.     Vol.  XXXVI.  6-XXXIX.  16.     1902-1906. 
Reale  Osaervatorio  di  Br  era. 

Pubblicazionl.     XL.  1;    XLII.     1902-1903. 

Rlassanto  delle  osservazlonl  meteorologicbe.     1902,  1903. 
Societd  Italiana  di  Scienze  Naturali. 

Attl.     XLII-XLIV  ;    XLV.  1-2. 

Elenco  dei  Soci,  Ist.  Sclent.  Corrlspondenti,  Indlce  Generale.     1906. 
MoDENA. — Regia  Accademia  delle  Scienze,  Lettere  ed  Arti. 

Memorle.     Serle  III.     Tom.  IV-V.     1902-1906. 
MoNS. — 8oci4t4  dea  Sciencea,  dea  Arta  et  dea  Lettrea  du  Hainaut, 

Catalogue  des  Uyres  de  la  bibllotb^ne.     1882. 

Bulletin  des  sciences.     1864-1865. 

M^molres  et  publications.     S<$r.  Ill,  Tom.  4-10.     1870-1875  ;   S^r.  IV, 
Tom.  1-2.  4-10.     1876-1887 ;    S^r.  V,  Tom.  1-6.  8-9.     1888-1897  ; 
S4r.  VI,  Tom.  1-4.     189^^1903. 
Mont  Blanc. — Ohacrvatoire  MH^orologique. 

Annales.     Tome  VI.     1905. 
Montevideo. — Mnaeo  Nacional. 

Anales.     Tomo  IV.  2  ;   V  ;   Serle  II,  Entrega  1-2.     1903-1905. 
Ohaervatorio  Metcorologico  del  Colegio  Pio  de  Villa  Col6n. 

Boletln  mensual.     Ano  XIV.  1-2.     1904-1905. 
Ohaervatorio  Meteor oloifico  Municipal, 

Annuario.     1901-1904. 

BoletfD.     1903-1905. 
MoNTPELLiBB. — Academic  dea  Sciencea  et  Lettrea. 

M^molres.     Section  des  lettres.     S#r.  II,  Tome  IV.  2,  4.     1904. 

Section  des  sciences.     S6r.  II,  Tome  III.  3-4.     1904. 

Section  de  m<^declne.     S4r.  II,  Tome  II.  1-2.     1905. 

MONTBEAL. — McOill  Univcraitp. 

Papers  from  the  Department  of  Classics.     No.  1.     1906. 

Chemistry  and  Mineralogy.     Nos.  1-5.     1906. 


-Engineering.     No.  9.     1906. 
-Geology.     No.  1-16,  21.     1904-1906. 
-Zoology.     No.  1-3.     1906. 


Moscou. — K.  Univeraltdt,  Meteorologiachea  Ohaervatorium. 

Beobachtungen.     1902. 

Meteorologische  Beobachtungen.     1901-1903. 
8oci6t€  Imp€riale  dea  Naturaliatea. 

Bulletin.     Ann^  1902-1905. 
Mt^CHEN. — Kon.  Bayeriache  Akademie  der  Wiaaenachaften. 

Sltznngsberichte.      Philoaophiach-philologiach   und   hiatoriache  Claaae.. 
1902,  III-1905,  I. 

Mathematlscb-physlkallsche  Classe.     1903,   I ;    1904,   I ;    1905,. 

I-III. 
Konigl.  hayeriache  Hof-  und  Staatabihliothek. 

Catalogiis  codicum  MSS.     HI.  1-2.     1892-1894. 
Nancy. — Acadimie  de  Stanialaa. 

M^moires.     5e  s6r..  Tome  XX ;    Oe  s^r.,  Tome  I-III.     1903-1906. 
Nafoli. — R.  Accademia  delle  Scienze  Fiaiche  e  Matematiche. 

Attl.     Serle  II.     Vol.  XII.     1900. 

Indlce  del  lavori  pubbllcatl  dai  1737-1903.     1904. 

Rendlconto.     Ser.  III.     Vol.  IX.  3-XII.  4.     1004-1906. 
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Nafoli. — R,  Accademia  di  Scienze  Morali  e  PoUticKe. 

Atti.     Vol.  XXXIV-XXXVI.     1903-1906. 

Rendlconto.     Anno  1901-1905. 
R,  Jatituto  d'Incoraggiamento  alle  Scienze  Naturalij  etc. 

Atti.     Ser.  V,  Vol.  V  ;  Ser.  VI,  Vol.  LVI.     1904. 
R,  UniverHtd. 

Annuarlo  del  Museo  Zoologico.     N.  S.     Vol.  I,  num.  1-35. 
NeuchAtel. — Soci6t6  Neuchateloise  <fea  Sciences  Naturellea, 

Bulletin.     Tomes  XXVIII-XXXII.     1900-1904. 
Newcastle-upon-Tyne. — North  of  England  Institute  of  Mining  and  Mechani- 
cal Engineers. 

Report  on  mechanical  coal-cutting.     1-2.     1903-1906. 

Transactions.     Vol.  LI.  6-7 ;    LII.  5-8 ;    LIII.  1 ;    LIV.  1-6,  8 ;    LV. 
1-5.  7  ;   LVI.  1-3. 

Subject-matter  index  of  mining,  mechanical  and  metallurgical  litera- 
ture for  1901. 

Annual  report  of  the  council.     1903  ;  1904  ;   1905-6. 
Nt^RNBEBO. —  Naturhistoriscfie  Oesellschaft. 

Abhandlungen.     Bd.  XV.  1-3.     1903-1906. 

Jahresbericht.     1904. 
Odessa. — Sociit^  des  Naturalistes  de  la  Nouvelle  Russie. 

Zaplski.     Tom.  XX  ;   XXIV.  2-XXIX.     1902-1906. 
University  ImpMale. 

Revue  m^ttorologique.     Vo^.  VI-VII.     1903. 
Ottawa. — Department  of  the  Interior. 

Belief  map  of  the  Dominion.     1904. 

Resource  map  of  the  Dominion  of  Canada.     1905. 

Maps :    Windsor  sheet,  1904 ;    Ontario,  London  and  Hamilton  sheets, 
1904.     Mounted  police  stations,   1904 ;    Exploration  No.,   Canada, 
1904. 
C^eototfioal  Swrvev  of  Cimada. 

Annnal  report     New  series.     XII-XV.     1899  to  1902-3. 

Catalogue  of  Omadlsn  Bli4a,    Parts  II-III.     1903-1904. 

Altitudes  in  Canada.     1901. 

Geological  map  of  the  Dominion  of  Cuud^      Sheets  Nos.  42-48; 
56-58. 


Meteorological  Service  of  the  Dominion  of  Canada. 

Report.     1903. 
Oxford. — RadcUffe  Library. 

Catalogue  of  books  added.     1903  ;  1904 ;   1905. 
• RadcUffe  Observatory. 

Catalogue  of  1772  Stars,  by  A.  A.  Arthur.     1906. 
Palermo. — R.  Accademia  di  Scienze,  Lettere  e  Belle  Arti. 

Bulletino.     Anni  1899-1902. 
Societd  di  Scienze  NaturaH  ed  Economiche. 

Giomale.     Vol.  XXIV-XXV.     1904-1905. 
Paris. — Ecole  Polytechnique. 

Journal.     2e  s6r.     Cahier  VIII-X.     1903-1005. 
MusSe  Ouimet. 

Annales.     Tome  XXX.  3.     1903. 

Blbllothfeque  des  «udes.       Tome  XI-XII ;    XV-XVIII ;    XX. 

1903-1906. 

Revue  de  I'histolre  des  religions.     Tome  XLVI.  3-LIV.  1.     1902-1906. 

Jubll^.     1904. 
Museum  d'Histoire  Naiurelle. 

Bulletin.     Ann^e  1903,  1-6.  8 ;    1904,  1-8 ;    1905,  1-6 ;    1906,  1-3. 
> Observatoire  Kational. 

Rapport  annuel.     1902-1904. 


-8oci6t6  Zoologique  de  France. 

Bulletin.     Tome  XXVIII-XXX.     1904-1906. 

M^molres.     Tome  XV-XVII.     1903-1004. 

Tables  du  Bulletin  et  des  M^moires  (1876-1893).     1905. 
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PENZA17CE. — Royal  Geological  Society  of  Cornwall. 

Transactlong.     Vol.  XII.  8-9.     1903-1904, 
Pernambuco. — Instituto  Archeologieo  e  Ocographico. 

Revista.     Vol.  X.  58.     1903. 
Perth. — Geological  Survey  of  We»tem  Australia. 

BulleUn.     6-9,  11-13.  15-18,  20-22.     1902-1906. 
Plsa. — Socieid  Toscana  di  Scienze  ^aturaU. 

Memorle.     Tom.  XIX-XXI.     1903-1905. 

ProcesBl  verball.       Tom.  XIII,  pp.   153-191;    XIV.  1-10;    XV.    1-5. 
1903-1906. 
Potsdam. — ABtrophysikalinchcs  Ohscrvaiorium. 

Publlkatlonen.     Bd.  XIV-XV.  6 ;   XVIII.  1.     1903-1906. 

PhotographiBChe  Himmclskarte.     Bd.  III.     1903. 
PRAG. — ^Kdn.  MmiBche  Qesellachaft  der  Wissenachaften. 

SitzoDgsberichte  *der    mathemathiBCh-naturwlBBeDschaftlichen    Clasae 
1902-1905. 

JahreBberlcht.     1902,  1903,  1905. 

deBk^  SpolecDosti  ExitomoIoglck((.     Casopis.  I.  1-4.     1904. 

General  Register  der  Schriften.     1884-1904. 
K.  K,  Siemwarte. 

Magnetlsche    und    meteorologlBche    Beobachtungen.       Jahrg.    LXIII- 
LXV.     1902-1905. 
Eaport-Verein  fur  Bdhmen,  Mdhren  und  Schletien. 

Jahresbericht.     1905. 
PusA. — Agricultural  Research  Institute. 

Agricultural  Journal  of  India.     Vol.  I.  1.     1906. 
Quebec. — Literary  and  Historical  Society. 

TranBactlonB.     No.  XXV-XXVI.     1905. 

Historical  Documents.     7th  Series.     1905. 
Reoensbcrg. — Naturwissenschaftlicher  Verein. 

Berlchte.     Heft  IX-X  und  Beilage.     1001-1904. 
Historischer  Verein  von  OberpfaU  und  Regensbnrg. 

Verbandlungen.     Bd.  LIV-LVI.     1902-1904. 
R IGA. — Na  turforscher-Yertin. 

Korrespondenzblatt.     Jahrg.  XLVI-XLVIII.     1903-1905. 
Rio  db  Janeiro. — Museo  Nacionnl. 

Archivos.     Vol.  XI-XII.     1901-1903. 
Roma. — Accademia  Pontifica  de'Nuovi  lAncei. 

Atti.     Anno  LVI-LIX.  3.     1903-1906. 
Reale  Accademia  dei  Linoei. 

Attl.     Serie  V.     Rendicontl.     Classc  dl  scienze  flslche,  matematiche  e 
naturali.     Vol.  XII-XV.     1903-1906. 

Rendiconto  deli'adunanza  solenne.     1903-1906. 
Reale  Comitate  Oeolopico  d'ltalln. 

Bolletino.     Vol.  XXXIII.  4-XXXVII.  2.     1902-1906. 

Corpo  reale  delle  mtnlere.     Catalogo  della  mostra  fatta  aU'Espozione 
di  St  Louis.     1904. 
Societd  Italiana  delle  Scienze. 

Memorle  dl  matematica  e  di  fisica.     Serle  III.     T.  13.     1905. 
St.  Gallbn. — "NaturwissenschaftHche  Qesellachaft. 

Jabrbuch.     1900-01  to  1905. 
St.  Petersburg. — Academic  Imp4riale  des  Sciences. 

Bulletin.     5e  s6r.     Tom.  XIII.  4-XXI.  4.     1898-1904. 

M^moires.     8e  B6r.     Classe  phys.-math.     Tome  IV.  8,  9  ;  X.  3-9  ;   XI- 
XVII.  6.     1900-1905. 

.     8e  B^r.     Classe  Hlst.-phll.     Tome  IV.  8-9  ;  V-VII.  7.     1900- 

1906. 
Comity  Q4ologiqu€. 

M^moires.     Vol.  XIII.  4-XX.     1902-1904. 

Nouv.  s€r.     I.  2,  4-15,  17. 

Bulletins.     Vol.  XXI.  5-XXIII.  6.     1902-1904. 
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St.  Petersbdro. — Horins  Petropolitanus. 

Acta.     Tom.  XV.  3 ;    XXI-XXV.  1.     1898-1006. 
Obgervatoire  Physique  Central  yicolaM. 

Annales.     1001-1002 ;   1003,  I,  II.  1-2  ;   Supplements.     1000.  1002. 

PubllcatloDB.     Vol.  IX.  1-4  ;   X ;    XII ;    XIII ;    XVII.  1 ;    XVIII.  1 ; 
2e  86r.,  Vol.  III.  14.  17. 

Progrfts.     I.  1.     1006. 

Ru98i8ch-Kai»erlich€  MineraloffUcTie  Oetelltchaft. 

Verbandlungen.     Ser.  II.     Bd.  XL-XLIII.  1.     1002-1005. 

Materiallen  zar  Geologle  Rasslands.     XXI-XXII.     1003-1005. 
Imp.  Ru98.  Oeograf.  OliahtoheMtvo. 

lEvieBtlla.     Tom.  XXXVII.  6;    XXXVIII.  3-6;    XXXIX.  1-6;    XL. 
1-5  ;   XLI.  1-4  ;   XLII.  1.     1003-1006. 

Otchet.     Chart  1,  2,  1002  ;    1003  ;    1004. 
St.  John,  N.  B. — A'cir  Brunswick  Natural  History  SotHety. 

Bulletin.     No.  XXIl-XXIV,  V.  4.     1004-1005. 
Santiago  de  Chile. — Sociedad  Cientifica  de  Chile. 

Actes.     Tom.  XII.  4-5  ;  XIII.  1-3 ;  XIV.  1-4 ;   XV.  1-2.     1003-1005. 
Sao  Paolo. — Muaeu  Pauliata. 

Revista.     Vol.  VI.     1004. 
Bociedade  Scientiflca. 

Relatorio  da  directoria.     1003-1004. 
Stockholm. — Entomolooi9h  Forening. 

EntomologlBk   tldskrlft.     Arg.   XXIV-XXVI.     1003-1005. 
Konffl.  Bibliotek. 

Accessions-katalog.     XV-XIX.     1001-1006. 
Kongl.  Svenska  YetenskapB-Akademie, 

ArkiT  fSr  Botanlk.     Bd.  I-VI.  2.     1003-1006. 

Arkiy  fSr  Keml.  Mlneralogi  och  Geologl.     Bd.  I-II.  3.     1003-1006. 

Arkiy  f5r  Matematik,  Astronomi  och  Fyslk.     Bd.  I-II.   1 ;    II.  3-4 ; 
III.  1.     1003-1006. 
I  Arkiv  f6r  Zoologie.     Bd.  I-III.  2.     1003-1006. 

!  Handlingar.      Ny  fOldJd.      Bd.  XXXV-XXXIX.  6;    LX.   1-6;    XLI. 

1-3,  5.     1003-1006. 

Obseryations     m^t^rologiques     suMolses.         Vol.     XXXVIII-XLV; 
XLVII.     1806-1005. 

LefnadBkeknlngar.     IV.  3.     1003. 

Meddelanden  fran  Nobellnstitut.     Bd.  I.  1-5.     1005-1006. 

Les  prIx  Nobel  en  1901,  1002,  1003. 

E.  L5nnberg,  Peter  Artedl.     A  memoir.     1005. 

Bihang  till  handlingar.     Bd.  XXVII-XXVIII.     1901-1003. 

dfyersigt  af  f6rhandUngar.     Bd.  LVTII-LIX.     1001-1002. 

Arebok.     1003-1005. 
Strassburg  I.  E. — Kniscrliche  Univcr8ittit8'8t€rntcarte. 

Annalen.     Bd.  III.  Annex.     1004. 
Stuttgart. — Verein  fUr  vaterldmHttche  Naturkunde  in  WUrttemberg. 

Jahreshefto.       .Tahrg.    LIX-LXII,    1003-1006;     Bellagen,    1003-1004, 
1-2  ;    1005.  1  ;    1006. 
Sydney. — Australian  Muneum. 

Memoir.     IV.  8.     1004. 
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I. — The  Hawaiiak  Hepatic^  op  the  Tribe  Trigonanthe^. 

By  C.  M.  Cooke,  Jr. 

The  tribe  Trigonan these  is  represented  in  the  Hawaiian  Islands 
by  twenty-five  species  belonging  to  six  of  the  twenty -six  genera 
enumerated  by  Schiffner  and  by  a  single  species  of  the  genus  Aero- 
masligum  recently  proposed  by  Evans.  None  of  the  peculiar  genera, 
such  as  Protocephaloziay  PCero2)siella,  MytilopsiSy  ArachniopaiSy 
etc.,  found  in  tropical  America  by  Spruce,  have  representatives 
among  the  Hawaiian  members  of  this  tribe.  The  genera  represented 
are  Lepidozia  (three  species),  Acromastigum  (one  species),  Bazzania 
(ten  species),  Kantia  (four  species),  Odoutoachiama  (three  species), 
and  Cephalozia  including  Cephaloziella  (five  species). 

Of  the  twenty-six  species  seven  are  unpublished — one  in  LepU 
dozioy  two  in  Bazzania^  and  four  in  Cephalozia.  Three  of  the  last 
belong  to  the  subgenus  Cephaloziella  and  one  to  the  subgenus 
Eucephalozia,  No  species  of  Cephaloziella  have  before  been 
reported  from  the  Hawaiian  Islands. 

A  large  number  of  the  Hawaiian  Trigonantheae  are  related  to 
North  American  and  West  Indian  species  and  apparently  not  so 
many  to  East  Indian,  Asiatic,  or  South  Pacific  species.  Some  of 
the  Hawaiian  species  related  to  North  American  and  European 
species  are  :  Lepidozia  aastralia  to  Z.  reptans,  L,  Ilawaica  to 
X.  aetacea,  Bazzaiiia  Baldicinii  to  B,  triangularia^  ICantia  hifurca 
to  K,  Sullivantiiy  Odontoschisma  Sandviceuae  to  0,  JSphagui,  and 
Cephalozia  Baldwinii  to  C.  leucantha.  Two  of  those  related  to 
West  Indian  species  are:  Lepidozia  Sandvicenais  to  X.  commntata, 
and  Bazzania  patena  to  Maatigobryum  Cubenae,  Cephalozia 
JTilohanenaia  is  closely  related  to  C.  exihjlora,  of  New  Zealand, 
Bazzania  emarginata  is  very  close  to  B.  fallax^  of  the  East  Indies, 
and  Kftfitia  Tosana  is  found  in  Japan. 

The  larger  species  of  Bazzania  are  very  conspicuous  in  the  woods 
and  on  the  higher  mountain-ridges.  They  form  large  mats  on  the 
ground,  sometimes  many  feet  in  diameter,  and  also  cover  the  trees 
along  with  other  bryophytes.  The  writer  has  only  collected  on  the 
islands  of  Oahu  and  the  lower  ridges  of  Kauai.  Undoubtedly  the 
high  mountain  ranges  of  Hawaii,  Maui,  Molokai  and  Kauai  offer  a 
very  rich  field  for  the  hepaticoiogist,  especially  in  the  smaller  forms. 
'J'he  conditions  are  most  favorable  for  the  growth  of  hepatics. 

Trans.  Conn.  Acad.,  Vol.  XII.  1  May,  1904. 
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The  writer  acknowledges  his  greatest  thanks  to  Dr.  A.  W.  Evans 
for  his  kind  help  in  the  preparation  of  this  paper  and  for  the  use  of 
material  from  the  herbarinm  of  Yale  University,  including  several 
type-specimens  sent  by  Herr  F.  Stephani  and  Mr.  W.  H.  Pearson. 
Much  thanks  is  also  due  Mr.  D.  D.  Baldwin,  of  the  Hawaiian 
Islands,  for  specimens  of  all  the  hepatics  which  he  has  collected. 

The  descriptions  of  the  tribe  and  of  the  different  genera  are 
largely  based  on  those  of  Spruce  in  his  ^^  Hepaticae  of  the  Amazon 
and  Andes"  and  in  his  paper  ^'  On  Cephalozia." 

The  tribe  Trigonan these  is  a  fairly  natural  one,  and  was  first  pro- 
posed by  Spruce.*  It  is  characterized  by  the  trigonous  perianth 
(except  in  Kantia  and  Marattpidium)^  which  is  usually  borne 
on  a  short  postical,  specialized  branch  (rarely  on  a  main  branch  or 
on  the  stem).  This  perianth  is  flattened  antically  and  in  every  case 
there  is  a  more  or  less  pronounced  postical  keel,  although  apparent 
exceptions  are  found  in  certain  species  of  Cephaloziellay  where  many 
of  the  perianths  bear  from  one  to  three  supplementary  keels.  In  the 
tribe  Epigonianthese  the  third  keel  is  antical,  while  in  the  Scapani- 
esB  and  the  Radulese  the  perianth  is  often  so  flattened  that  the 
upper  and  lower  surfaces  are  in  contact.  In  Kantia  and  Maraupi- 
dium  the  place  of  the  perianth  is  taken  by  a  large  cylindrical 
perigynium.  Kantia  is  distinguished  from  other  saccate  genera 
by  its  incubous  leaves,  but  in  the  position  of  the  sterile 
archegonia  it  agrees  with  AcrobolbuSy  a  member  of  the  Epigoni- 
anthesB.  In  both  these  genera  the  calyptra  is  adnate  (about  three- 
fourths)  with  the  perigynium  and  is  crowned  at  the  top  by  the 
.sterile  archegonia.  In  Marsiipidium,  which  agrees  with  AdelocoUa 
in  its  vegetative  characters,  the  sterile  archegonia  surround  the 
mouth  of  the  perigynium;  this  condition  finds  its  counterpart  in 
7)/UmanthuSy  another  member  of  the 'Epigoniantheae. 

The  plants  of  the  TrigonanthesB  vary  greatly  in  size  and  also  in 
color,  being  green,  yellow,  brown,  white  or  sometimes  reddish.  The 
stems  are  simple  or  variously  branched.  In  some  genera  the  vegeta- 
tive branches  are  lateral,  while  the  specialized  postical  branches  bear 
the  ,5  or  $  organs  or  else  are  reduced  to  flagella.  In  other  genera 
all  the  branches  are  postical,  while  in  Anomoclada  the  vegetative 
and  sexual  branches  are  antical  and  the  flagella  are  postical.  The 
lateral  branches  are  commonly  exogenous  in  origin,  while  the  postical 
branches  are  usually  endogenous  and  are  axillary  to  the  underleaves 
whenever  the  latter  are  present.     In  the  genus  Acromasti^um,  how- 
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ever,  the  postical  branches  are  exogenous  in  origin  and  are  borne 
at  the  side  of  a  reduced  underleaf.  The  branching  of  Cephalozidla 
approaches  that  of  some  of  the  Epigonianthese. 

Leaves  are  always  present,  though  sometimes  restricted  to  the 
sexual  branches.  They  are  usually  alternate,  rarely  opposite,  and 
are  incubous,  succubous  or  transverse.  They  exhibit  various  forms, 
being  sometimes  undivided  and  sometimes  deeply  parted,  while  their 
margins  are  entire  or  denticulate.  The  leaf -cells  vary  considerably 
in  size  in  the  different  species  and  their  walls  are  variable  in  thick- 
ness. Trigones  may  usually  be  demonstrated  and  are  sometimes 
very  large.  Underleaves  are  usually  present,  though  absent  in  cer- 
tain species  ;  they  are  minute  to  very  large,  in  JLepidozia  and  Aero- 
maetigum  being  nearly  equal  in  size  to  the  leaves. 

The  inflorescence  is  usually  dioicous,  but  is  sometimes  autoicous, 
and  rarely  paroicous  or  heteroicous.  The  $  bracts  are  tristicous  in 
two  to  six  series;  they  are  broadly  to  narrowly  ovate,  deeply  bifid 
to  quadrifid  and  are  usually  larger  than  the  leaves  ;  sometimes  they 
are  highly  connate  with  the  bracteoles.  The  apex  of  the  perianth  is 
somewhat  constricted,  and  the  mouth  is  entire,  dentate,  ciliate  or 
laciniate.  The  calyptra  is  pyriform  and  sometimes  fleshy.  The 
capsule  is  subglobose  to  subcylindrical,  borne  on  a  short  or  long 
stalk,  four-valved  to  the  base,  two  to  five  cells  thick,  the  innermost 
cells  being  armed  with  semiannular  thickenings.  The  spores  are 
minute,  round,  and  smooth  or  verruculose.  The  androBcium  is  most 
often  a  short  postical  branch,  but  is  sometimes  terminal  or  intercalary 
on  a  leafy  branch  or  on  the  main  stem.  The  bracts  are  usually  orbic- 
ular to  ovate,  closely  imbricated,  sometimes  subcom plicate.  The 
antheridia  are  usually  solitary,  but  in  certain  species  of  Bazzania 
occur  in  pairs. 

Key  to  Vie  Hawaiian  Genets  of  the  Trigonanthe(z, 

Vegetative  and  specialized    branches   nsoally  postical   (sometimes  lateral  in 
Cepkaloziella). 
Perianth  present ;  leaves  snccaboos  or  transversely  inserted. 

Leaves  snccnbons,  undivided.  Odontoschisma, 

Leaves  saccnbous  or  transversely  inserted,  bilobed.  Cephalozia, 

Perianth  lacking,  sporophyte  developing  instead  within  a  cylindrical  peri- 
gyninm  ;  leaves  incuboos.  Kantia, 

Vegetative  branches  usually  lateral,  specialized  branches  postical. 

Stems  pinnately  branched,  often  plumiform,  in  a  few  species  bearing 
postical,  endogenous  flagella ;  leaves  deeply  lobed  or  parted  ;  under- 
leaves nearly  as  large  as  leaves.  Ltpidozia, 
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Stems  sparingly  branched,  postical  flagella  ezogenons  ;  leayes  trans- 
versely inserted,  undivided;  underleaves  similar  to  leaves  bnt  slightly 
smaller.  Acromaitigum. 

Stems  pinnate  or  falsely  dichotomons,  postical  flagella  endogenous ; 
leaves  subfalcate,  usually  tridentate  at  the  apex,  rarely  entire,  biden- 
tate  or  quadridentate ;  underleaves  smaller  than  leaves.    Bazzania, 

LepidOEia  Dumort.,  1885. 

Plants  rather  large  or  rarely  small,  pale  or  yellow-green,  rarely 
bright  green,  densely  ciespitose,  in  depressed,  rarely  erect  or  pendu- 
lous mats  :  stems  usually  strong,  plumose,  pinnately  or  bipinnately 
branched;  leafy  branches  as  a  rule  lateral,  more  or  less  curved  down- 
wards, sometimes  attenuated  and  rooting  at  the  apex ;  in  small  species, 
chiefly,  postical  branches  present,  which  are  normally  leafy  or  fre- 
quently reduced  to  radicelliferous  flagella  :  leaves  incubous,  small  or 
minute,  often  broader  than  long,  obliquely  or  transversely  inserted, 
the  antical  margin  longer  and  more  rounded  than  the  postical, 
decurved-convex  or  fornicate,  usually  4-lobed  or  parted,  rarely  2-, 
3-,  5-  or  6-lobed,  lobes  subulate,  either  entire  or  bearing  at  the  antical 
base  a  few  teeth,  sometimes  the  whole  margin  dentate  :  cells  small 
or  minute,  quadrate-hexagonal  or  oblong-quadrate,  elongated  at  the 
base  of  the  leaves,  scarcely  thickened  at  the  corners  :  underleaves 
similar  to  leaves  but  smaller:  dioicous  or  monoicous:  $  inflorescence 
borne  on  a  short  postical  branch  from  the  main  stem,  rarely  from  a 
branch  ;  bracts  in  3  to  5  rows,  appressed,  concave,  much  larger 
than  the  stem-leaves,  apex  2-  to  4-lobed,  margin  denticulate  to 
spinose  ;  archegonia  20  or  less,  the  sterile  persisting  at  or  near  the 
base  of  the  calyptra  ;  perianth  elongated,  ovoid  to  narrowly 
fusiform,  obtusely  trigonous  above,  fleshy  or  unistratose,  mouth 
entire,  denticulate  or  ciliate-laciniate ;  calyptra  one-half  to  one- 
quarter  as  long,  pyriform  or  oblong,  fleshy  at  the  base  :  capsule 
oblong-cylindrical,  4-valved  to  the  base,  cells  of  outer  layer  fur- 
nished with  parietal  columns,  innermost  layer  with  semiannular 
thickenings ;  elaters  slender,  bispiral  ;  spores  minute,  smooth  or  ver- 
ruculose  :  andrcecium  usually  occupying  a  small  postical  branch, 
rarely  terminal  on  a  lateral  branch  ;  bracts  in  5  to  10  pairs,  suborbic- 
ular,  concave,  apex  bidentate;  bracteoles  about  half  as  large  as 
bracts  :  antheridia  borne  singly. 

Leaves  obliquely  inserted,  0.45"""x0.85""".  L,  australis. 

Leaves  transversely  inserted,  less  than  0.46™'"x0.36""°. 

Plants  large  ;  leaves  0.8™"x0.4'"'",  closely  appressed  to  stem. 

L.  Sandvicensis. 

Plants  small ;  leaves  0.18"*'°z0.05'°",  slightly  spreading.  L,  Hawaica. 
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Subgenus  Eulepidozia  Spruce,  1876. 

Plants  rather  large,  caespitose,  pinnate,  more  or  less  plumose  : 
leafy  branches  nearly  always  lateral,  in  a  few  species  rarely  postical 
and  flagelliform  :  leaves  incnbous,  quadrifid  about  one-half  :  perianth 
fleshy,  2  to  4  cells  thick,  mouth  subentire  or  denticulate,  rarely 
ciliate. 

Lepidozia  australis  (Lehm.  &  Lindenb.)  Mitt. 

Jungermannia  australis  Lehm.  &  Lindenb.,  Pug.,  vi,  28,  1834. 

Lepidozia  reptans  australis  G.  L.  &  N.,  Syn.  Hep.,  205,  1845.     Lindenb.  & 

Gottsche,  Sp.  Hep.,  vi,  82,  pi.  V,  figs.  18-23,  1846. 
Lepidozia  triceps  Tayl.,  Lond.  Joum.  Bot.,  v,  869,  1846. 
Lepidozia  australis  Mitt.;  Seemann,  Flora  Vitiensis,  406.  1871. 
Mastiffophora  triceps  Trevis.,  Mem.  reale  Ist.  Lomb.  di  Sci.  e  Lett.,  Ill,  iv, 

416, 1877. 
Lepidozia  reptans  Evans,  Trans.  Conn.  Acad.,  yiii,  256,  1892  {not  Lepidozia 

reptans  (L.)  Dumort.). 

Plate  I. 

Monoicous :  depressed-csespitose,  pale  green  :  stems  pale  green, 
oval  in  section,  about  six  by  eight  cells,  cortical  cells  (in  about  16 
longitudinal  rows)  and  internal  cells  about  the  same  size,  with 
uniformly  thickened  walls :  lateral  branches  attenuate,  flagelliform, 
rarely  blunt :  postical  flagella  infrequent ;  rhizoids  frequent,  color- 
less, borne  in  small  clusters  at  the  base  of  the  underleaves  :  leaves 
approximate,  obliquely  inserted,  spreading,  plane,  quadriiid  (trifid, 
rarely  bifid)  about  one-third  ;  lobes  subulate  to  narrowly  triangular, 
acute,  parallel,  about  4  cells  broad  at  the  base  and  8  cells  long, 
usually  ending  in  a  row  of  2  cells  ;  sinuses  separating  lobes  subacute 
or  obtuse  ;  leaves  on  branches  approximate  or  slightly  imbricated, 
similar  to  stem-leaves  but  smaller,  usually  trifid  ;  leaves  on  attenuated 
branches  minute,  usually  bifid  ;  leaves  subtending  branches  oblong, 
quadrate-ovate,  bifid,  lobes  spreading,  subulate  :  stem-underleaves 
about  half  the  size  of  the  leaves,  distant,  subquadrate,  quadrifid 
about  one-fourth  ;  lobes  subulate,  parallel,  2  to  4  cells  long,  1  to  2 
cells  broad  ;  sinuses  separating  lobes  obtuse ;  branch -underleaves 
smaller  than  those  of  stem,  similar,  quadrifid  :  cells  in  the  middle 
of  leaf  arranged  in  rows,  cavities  with  rounded  corners,  walls 
thickened,  trigones  small ;  cells  in  the  middle  of  underleaf  similar  to 
those  of  l^af  :  $  inflorescence  borne  on  a  short  branch ;  bracts  usually 
in  three  pairs  ;  innermost  bracts  broadly  orbicular,  denticulate  at 
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apex,  teeth  (usually  4)  composed  of  2  to  4  cells,  rounded  or  acute, 
terminal  cells  verruculose  ;  sinuses  Reparating  teeth  lunate  ;  cells  near 
middle  of  bract  oblong,  with  uniformly  thickened  walls  ;  bracteole 
similar  to  bract ;  bracts  of  second  row  orbicular,  similar  to  innermost 
bracts  but  smaller  ;  bracteole  of  second  row  similar  to  bracts ; 
perianth  broadly  fusiform,  2  cells  thick  to  a  little  above  the  middle, 
the  rest  1  cell  thick,  terete  below,  irregularly  3-keeled  above, 
mouth  irregularly  lobed,  the  lobes  subdenticulate  with  teeth  formed 
by  sightly  projecting  obtuse  cells:  3  spike  usually  occupying  a 
short  postical  branch,  sometimes  terminal  on  a  lateral  branch  ; 
bracts  in  4  to  7  pairs,  concave  or  almost  complicate,  broadly  ovate, 
bifid  about  one-third  with  triangular,  acute  lobes  and  acute  sinus  ; 
bracteoles  ovate,  bifid  about  one-fourth  with  subulate,  parallel  lobes 
and  obtuse  sinus. 

Stems  0.23°"  in  diameter;  leaves  0.45™"x0.37°*°*;  leaf-cells  at 
edge  of  leaf  25^x20/1,  at  middle  32^x30/1,  at  base  38^,  at  middle  of 
underleaf  38/1x24/1;  underleaves  0.24™™x0.21"*™;  innermost  bracts 
COa^^xLl"""  and  0.82"°x0.7°°';  innermost  bracteole  O.OB'^^xO.Oe'""* 
and  0.8°°x0.8™™;  bracts  of  second  row  0.45™"x0.55°"*;  perianth 
2.16"*°*  to  3.25°*°xl.3°'"-1.7°"';  5  bracts  0.37'''"x0.3*°°;  bracteoles 
0.24"'»x0.18°*°». 

Hawaii  (Menzies).     West  Maui  (Baldwin). 

Lepidozia  aiiatralis  differs  from  L,  reptans  (G.  &  R.,  Hep.  Eur., 
No.  479)  in  the  following  characters  :  the  stems  are  more  robust, 
the  branches  rarely  branching  and  usually  attenuate;  the  cells  of  the 
stems  have  much  thicker  cell-walls  ;  the  leaves  and  underleaves  are 
not  as  deeply  lobed;  the  leaves  are  more  obliquely  inserted  and 
spreading  (while  in  L,  reptans  the  leaves  are  concave,  the  lobes 
strongly  incurved),  the  lobes  are  much  narrower,  usually  only  4  cells 
wide  (in  the  European  species  the  lobes  are  usually  6  to  12  cells 
wide);  the  leaf -cells  are  larger,  with  much  thicker  cell-walls  and 
with  larger  trigones  ;  the  mouth  of  the  perianth  has  shorter  teeth. 

Subgenus  Microlepidozia  Spruce,  1876. 

Plants  usually  small,  depressed-csespitose,  sometimes  larger  and 
pendulous  :  leaves  transversely  inserted,  deeply  divided  or  parted  : 
perianth  unistratose  ;  mouth  cilia te-laciniate. 
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Lepidozia  SandvicensiB  lindenb. 

Lepidozia  Sandmcensis  Lindenb.;  Q.  L.  &  N.,  Syn.  Hep.,  201 ,  1845.     Ldndenb. 

&  Qottsche,  Sp.  Hep.,  vi,  12,  pi.  I,  figs.  1-5,  1846. 
Lepidozia  filipendula  Tajl.,  Lond.  Joum.  Bot.,  v,  809,  1846. 
Masiigophora  Sandvicensis  Trevis.,  Mem.  reale  Ist.  Lomb.  di  Sci.  e  Lett.,  Ill, 

iv,  415,  1877. 
Masiigophora  filipendula  Trevis.,  I.  c,  416. 

PLA.TE   II  ;    FIGURES    1-12. 

Plants  loosely  caespitose,  pale  green  :  stems  pale  green  becoming 
brown  with  age,  pinnately  branched,  branches  often  bi-  to  tri-pinna- 
tifid,  flagelliform,  main  stem  about  20  cells  in  diameter,  cortical 
cells  in  about  60  longitudinal  rows,  internal  cells  hexagonal  in  cross- 
section,  with  uniformly  thickened  colorless  cell-walls,  cortical  cells 
subquadrate,  walls  of  about  the  same  thickness  as  those  of  the 
internal  cells,  outer  wall  much  pigmented  ;  rhizoids  wanting  :  leaves 
distant,  almost  transversely  inserted,  closely  appressed  to  stem, 
slightly  convex,  subquadrate,  slightly  unsymmetrical,  the  antical 
edge  longer  than  the  postical,  12  to  18  cells  wide  at  base,  quadrifid 
(rarely  bifid)  more  than  one-half ;  lobes  subulate,  4  to  6  cells  broad, 
6  to  10  cells  long,  ending  in  a  single  cell  or  a  row  of  2  or  3  cells, 
sinuses  separating  lobes  acute,  rarely  obtuse:  underleaves  similar  to 
leaves,  but  smaller,  8  to  10  cells  broad  at  base  ;  lobes  usually  2  cells 
broad,  4  to  6  cells  long;  leaves  of  branches  much  smaller  than  stem- 
leaves,  subquadrate,  6  to  8  cells  broad  at  base,  usually  trifid,  rarely 
quadrifid,  lobed  below  the  middle  ;  lobes  subulate,  1  or  2  cells  broad 
at  base,  2  to  4  cells  long  ;  underleaves  of  branches  similar  to  branch- 
leaves,  more  often  quadrifid  :  leaf-cells  subquadrate,  cell-walls  uni- 
formly thickened,  cell-cavities  with  corners  slightly  rounded  :  leaves 
subtending  branches  ovate,  deeply  bifid  about  one-half;  lobes  trian- 
gular-subulate, acute,  parallel  or  spreading:  inflorescence  unknown. 

Stems  0.5™"  in  diameter  ;  cortical  cells  30/i  long,  27fi  broad,  21/x 
thick  ;  leaves  of  main-stem  antical  length  0.3'°'",  postical  length 
0.2"*"x0.4""  (breadth  at  base);  underleaves  0.22"™x0.25'"°;  leaf-cells 
at  edge  of  leaf  29/ax25/ji,  at  middle  35/LLx25fi. 

Hawaiian  Islands  (Tolmie).     West  Maui  (Baldwin). 

Lepidozia  commutata  Steph.,*  of  the  West  Indies,  is  very  close  to 
the  Hawaiian  species.  The  comparison  has  been  made  with  speci- 
mens from  the  island  of  Guadaloupe  (G.  &  R.,  Hep.  Eur.,  No.  565). 
The  two  plants  differ  in  their  branching,  the  Hawaiian  species  having 
the  branches  pinnately  or  bipinnately  branched,  while  in  the  West 


»  Hedwigia,  xxvii,  298,  1888. 
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Indian  species  they  are  simple  or  rarely  pinnate  ;  the  cortical  cells 
of  the  latter  species  are  longer,  narrower  and  with  much  thicker 
cell-wallSy  the  leaves  are  not  as  closely  appressed  to  stem,  and  those 
of  the  main  stem  are  smaller  with  much  smaller  cells  and  thicker  cell- 
walls,  the  leaves  of  the  branches  are  larger  and  much  more  deeply 
lobed  and  their  lobes  are  longer  with  much  smaller  cells.  These 
differences  hold  also  in  the  underleaves.  In  general  appearance  the 
two  plants  differ  so  that  they  can  easily  be  distinguished  by  the 
naked  eye,  X.  Sandvicenais  being  more  robust  and  the  stems  appear- 
ing smooth.  In  L,  commntata  the  plants  are  slender  and  the 
branches  are  rough,  this  appearance  being  due  to  the  slightly 
spreading  leaves. 

Lepidoasia  Hawaica  sp.  nov. 

Plate  II ;  figures  18-24. 

Dioicous :  plants  green,  densely  caespitose  or  scattered  among 
mosses  and  other  hepaticae  :  stems  light  green,  pinnately  branched, 
branches  blunt  or  sometimes  attenuated  and  flagelliform;  stems  about 
4  cells  in  diameter,  the  internal  cells  with  uniformly  thin  cell-walls, 
the  cortical  cells  (in  about  9  longitudinal  cell-rows)  with  much  thick- 
ened walls,  the  outer  wall  convex,  giving  the  stem  a  fluted  appear- 
ance ;  flagella  scattered,  postical  with  minute  and  closely  appressed 
leaves;  rhizoids  wanting  or  found  in  small  clusters  of  2  to  4,  at  the 
base  of  the  underleaves  of  the  flagella  or  of  the  attenuated  branches: 
leaves  of  main  stem  distant  or  subimbricated,  transversely  inserted, 
convex,  suberect  or  slightly  spreading,  deeply  3-parted  (rarely 
4-parted)  to  within  one  or  two  cells  of  the  base;  base  4  or  5  cells 
broad  ;  lobes  spreading  or  parallel,  often  decurved,  narrowly  subu- 
late, i  or  2  cells  broad,  3  to  5  cells  long,  with  acute  or  obtuse  sinuses; 
leaves  of  branches  bi-  or  tri-parted,  aijreeing  in  other  characteristics 
with  the  leaves  of  the  stems  :  underleaves  bipartite  to  within  one 
cell  of  the  base  ;  base  2  to  4  cells  broad,  lobes  most  often  parallel, 
narrowly  subulate,  1  to  2  cells  broad,  about  4  cells  long  with  obtuse 
sinuses:  leaf  subtending  a  branch  subulate,  1  or  2  cells  broad,  about 
4  cells  long:  leaf-cells  subquadrate,  with  uniformly  slightly  thickened 
walls:  ?  inflorescence  borne  on  a  very  short  postical  branch;  bracts 
in  3  to  5  pairs ;  innermost  bracts  ovate,  bifid  about  one-third,  the 
upper  portion  ciliate  or  dentate  ;  teeth  1  to  3  cells  long,  lobes 
generally  divided,  divisions  subulate,  4  to  7  cells  broad  at  base, 
about  9  cells  long,  ending  in  a  row  of  three  or  more  cells,  cell-walls 
thin,  apex  of  the  end-cell  usually  verruculose  ;  innermost  bracteole 
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similar  to  bracts ;  bracts  of  second  row  similar  to  innermost  bracts 
bnt  smaller ;  bracteole  similar  to  bracts  of  second  row ;  perianth 
broadly  fusiform,  terete  below,  many  keeled  above,  mouth  slightly 
contracted,  irregularly  lobed,  lobes  laciniate,  lacinise  4  to  6  cells  long, 
2  to  4  cells  broad,  cells  of  laciniaB  slightly  verruculose  :  S  spike 
usually  occupying  a  short  postical  branch,  rarely  terminal  on  a 
lateral  branch  ;  bracts  in  4  to  8  pairs,  imbricated,  concave  or  sub- 
complicate,  broadly  ovate,  unequally  bifid  about  two-thirds  or  one- 
half;  lobes  irregularly  dentate,  subulate,  spreading,  3  or  4  cells  broad . 
at  base,  6  or  7  cells  long,  ending  in  a  row  of  about  3  ceils,  the  apical 
cell  slightly  verruculose,  the  postical  lobe  broader  than  the  antical ; 
bracteoles  similar  to  the  stem-underl eaves  :  capsule  oval,  dark  brown  ; 
elaters  blunt,  bispiral. 

Stems  0.07"°  in  diameter;  leaves  0.13'""  long  x  0.05""  broad  at 
base;  leaf-cells  of  lobes  23fixl6fi,  at  base  of  leaf  18fixl4/i.;  inner- 
most bracts  0.7""x0.4""  ;  perianth  0.9""  to  1.7""x0.4""  to  0.5""  ; 
spores  12/x  in  diameter  ;   elalers  150fixl2^  ;  ^  bracts  0.22"" xO.  15"". 

West  Maui  (Baldwin).     Oahu  :  Nuuanu  (Cooke). 

This  species  is  abundant  in  the  latter  locality,  growing  on  the 
ground  or  fallen  logs,  on  the  shady  lateral  ridges. 

Lepidozia  setacea  (Web.)  Mitt,  is  very  close  to  this  species.  For 
comparison  specimens  from  G.  &  R.,  Hep.  Eur.,  No.  502,  were  used. 
The  Hawaiian  species  has  leaves  which  are  usually  3-parted,  while 
in  the  European  species  the  leaves  are  usually  4-parted ;  in  the 
Hawaiian  species  the  lobes  are  never  2  or  3  cells  broad  for  3  or  4 
rows,  but  are  shorter  and  narrower  than  the  lobes  of  X.  aetotiea; 
the  leaf -cells  have  slightly  thinner  cell-walls  and  the  terminal  cell  is 
not  verruculose  as  in  the  European  species  ;  the  underleaves  of  the 
Hawaiian  species  are  usually  bipartite,  while  in  the  European  species 
they  are  usually  tripartite  ;  the  leaves  subtending  branches  in  X. 
Hatoaica  are  made  up  of  a  single  row  of  cells,  while  in  Z.  setacea 
these  leaves  are  bipartite  ;  the  perianth  of  the  Hawaiian  species  is 
smaller,  and  the  innermost  bracts  and  bracteoles  are  smaller  and  not 
so  deeply  lobed. 

Acromastigum  Evans,  1900. 

Plants  medium-sized,  scattered  among  other  hepatics,  yellowish 
green,  becoming  brownish  with  age  :  stems  stiff  and  wiry,  mostly 
ascending  or  erect,  sparingly  branched  :  vegetative  branches  of 
three  kinds  :  terminal  branches  from  the  lateral  segments,  terminal 
branches  from  the  postical  segments  (flagella),  intercalary  branches 
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axillary  to  the  underleaves  {very  unusual) :  rhizoidn  not  abundant : 
leaves  distant  or  subimbricated,  transversely  inserted,  undivided  : 
underleaves  a  little  smaller  than  the  leaves,  undivided  :  leaf-cells 
with  thickened  walls  :  sexual  branches  intercalary^,  arising  singly  in 
the  axils  of  the  underleaves :  9  branch  very  short,  its  leaves  reduced 
to  the  three  to  five  rows  of  bracts;  perianth  long  and  slender, 
the  three  keels  distinct  except  at  the  cylindrical  base,  separated 
by  grooves  ;  unfertilized  archegonia  borne  at  the  base  of  calyptra  : 
$  spike  oblong  ;  bracts  in  several  pairs,  strongly  concave  ;  antheridia 
occurring  singly ;  paraphyses  wanting ;  bracteoles  similar  to  the 
underleaves  but  smaller  :  sporophyte  not  seen. 

Acromastigum  integxifolium  (Aost.)  Evans. 

Mastigobryum  f  integrifolium  Anst.,  Bot.  Gazette,  i,  32,  1875. 
Bazzaniaf  integrifolia  Evans,  Trans.  Conn.  Acad.,  viii,  255,  1892. 
Acromastigum  integrifolium  Evans,  Bull.  Torr.  Clnb,  xxvii,  108,  pi.  I,  1900. 

Dioicous  :  general  characters  of  stems  and  branches  given  above  ; 
rhizoids  whitish,  simple  or  ifregularly  branched  at  the  ends,  very 
scanty  on  ordinary  vegetative  axes  and  occurring  singly  or  in  small 
clusters  at  the  bases  of  some  of  the  underleaves,  more  abundant  on 
the  flagella  and  less  definite  in  position  :  leaves  spreading  widely 
from  the  stem,  usually  curved  upward  in  the  outer  parts,  ovate  from 
a  broad  base,  obtuse  or  more  commonly  acute,  entire  or  nearly  so, 
rarely  with  an  indistinct  angular  tooth  near  apex :  underleaves 
strongly  squarrose,  ovate  or  oblong,  truncate  or  rounded  at  apex, 
entire  or  nearly  so  :  leaf-cells  with  a  very  thick  verruculose  cuticle 
and  conspicuous  often  confluent  trigones  but  no  intermediate  thick- 
enings ;  cell-cavities  stellate :  bracts  very  small  and  similar  to 
ordinary  leaves  at  base  of  branch  but  becoming  rapidly  larger 
toward  the  perianth  ;  innermost  bracts  broadly  ovate,  gradually 
narrowed  from  near  the  base,  shortly  dentate  or  laciniate  at  apex 
(usually  less  than  one-fourth  the  length)  with  slender  teeth,  other- 
wise entire  or  nearly  so  ;  innermost  bracteole  similar ;  perianth 
linear-fusiform,  composed  of  a  single  layer  of  cells  except  at  the 
very  base,  cells  more  uniformly  thickened  than  the  leaf-cells,  mouth 
of  perianth  contracted,  laciniate,  the  lacinise  long  and  slender, 
straight  or  irregularly  curved  and  distorted,  sometimes  denticulate, 
composed  of  a  single  row  of  cells  above  and  usually  two  or  more 
toward  the  base  :  S  bracts  in  about  6  pairs,  strongly  concave,  ovate, 
shortly   bi-   or  tri-denticulate  at  the  apex,  the   teeth  1   to  3  cells 
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long,  otherwise  entire  or  nearly  so ;  bracteoles  similar  to  ordinary 
underleaves  but  smaller. 

Stems  3  to  8**"  long  ;  0.25°*"  in  diameter  ;  leaves  0.7""°  x  0.4*""  ; 
underleaves  0.5""  x  0.3"";  leaf-cells  at  edge  of  leaf  U/i  in  dia- 
meter, in  middle  18/1,  and  at  the  base  28/1x23/1 ;  innermost  bracts 
1.7"°xl.O""  (on  robust  specimens  with  perianths);  perianth  4.0""x 
0.85"":  bracts  0.45""x0.25"":  bracteoles  0.35""xO.  15"". 

Mixed  with  other  hepatics.  West  Maui  (Baldwin).  Oahu : 
Konahuanui  (Cooke).     Type-specimen  in  Herb.  W.  H.  Pearson. 


S.  F.  Gray,  1821. 

Plants  usually  robust :  stems  depressed  or  pendulous,  falsely 
dichotomous,  compressed  slightly  from  the  front;  cortical  and  interior 
cells  of  the  stem  similar,  somewhat  smaller  than  the  leaf -cells  ;  leafy 
branches  lateral,  very  rarely  postical  ;  postical  branches  usually  short 
and  floriferous  or  elongated,  microphyllous  and  radicelliferous : 
leaves  incubous,  alternate  or  very  rarely  opposite,  more  or  less  imbri- 
cated at  the  base,  decurved,  sometimes  (in  dry  specimens  principally) 
secund,  always  obliquely  inserted,  often  falcate,  twice  as  long  as 
broad,  subcordate  at  base  or  ligulate,  apex  usually  truncate,  triden- 
tate,  in  rare  cases  4-dentate  or  entire,  sometimes  equally  bidentate  or 
unequally  bilobed,  margin  entire  in  most  species,  in  a  few  dentate 
at  the  postical  base  :  cells  small,  subequilateral,  thickened  at  the 
corners,  near  the  postical  margin  with  6  to  12  rows  of  elongated 
cells ;  subtending  leaf  autical,  ovate-subulate,  entire :  under- 
leaves alwa^^s  present,  half  as  long  as  the  leaves  or  less,  usually 
wider  than  the  stem,  mostly  subrotund,  or  quadrate,  rarely  elongate; 
apex  truncate,  usually  4-crenate  to  incised,  rarely  subentire,  margin 
Bubentire  or  dentate,  base  cordate  :  dioicous:  5  and  $  flowers  clad- 
ogenous  on  postical  branches  ;  ?  bracts  in  3  to  5  pairs,  often  shorter 
than  leaves,  concave,  ovate  to  orbicular,  rarely  ovate-lanceolate,  apex 
at  least  bilobed,  laciniate  or  ciliate  and  more  or  less  denticulate  ; 
archegonia  10  to  16;  perianth  narrowly  ovoid,  somewhat  fleshy  at 
the  base,  terete  below,  3  keeled  above,  mouth  subciliate;  calyptra  half 
the  length  of  perianth,  pyriform  to  cylindrical-oblong,  3  cells  thick 
at  base,  2  cells  thick  above  :  capsule  half  as  long  as  calyptra, 
Bubcylindrical,  the  wall  about  5  cells  thick,  outer  layers  with  parietal 
columns,  innermost  having  semiannular  thickenings  ;  elaters  thin, 
subobtuse;  spores  minute:  androecium  shortly  incurved;  bracts  in 
5  to  10  rows,  ovate,  concave  or  subcomplicate,  apex  bifid  or 
bidentate,  rarely  entire  :  antheridia  usually  in  pairs,  rarely  solitary. 
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Underleayee  OYftte  to  orbicular. 

Apex  of  leaves  rounded  or  subtruncate.  B.  Nuuanuensia, 

Apex  of  leaves  tridentate  or  bidentate. 

Leaf -cells  at  apex  thick-walled,  with  or  without  small  trigones. 

B.  SoTidvicensis, 
Leaf -cells  at  apex  thin- walled,  trigones  large. 
Leaves  broadly  ovate ;  plants  robust,  branching  frequently. 
Leaves  tridentate,  1.4'°'°xl.l'"'";  leaf -cells  at  margin  15//  in  diameter. 

B.  cordistipula. 
Leaves  tridentate  or  bidentate,  0.85'"'°x0.6°*'";  leaf -cells  at  margin 
25/1  in  diameter.  B,  Dideridana, 

Leaves  lanceolate,  always  bidentate ;  plants  slender,  seldom  branch- 
ing. B.  emarginaia, 
XJnderleaves  subquadrate  or  quadrate. 

Leaves  lanceolate  to  ovate  ;  underleaves  not  connate  with  the  leaves. 

Leaves  obliquely  truncate,  O.O^^xO.S*""*.  B.  BcUdmnii, 

Leaves  acute  or  bidenticulate.  0.6""x0.4°'".  B,  minuta. 

Leaves  ligulate  ;  underleaves  sometimes  connate  with  the  leaves  on  one  side. 
Leaves  large,  1.05°""x0.85"'° ;  leaf -cells  at  apex  about  40/^x80//,  with  walls 

slightly  thickened.  B.  patena. 

Leaves  1.0"""x5'°"" ;  leaf -cells  at  apex  about  30/ix20/<,  with  walls  slightly 

thickened.  B,  incBqtiabms, 

Leaves  small,  0.75"""x0.4 ;  leaf-cells  at  apex  20fi  in  diameter,  with  much 

thickened  cell-walls.  B.  Brigkami. 

Bazzania  cordistipula  (Mont.)  Trevis. 

fferpetium    cordi8tipulum    Mont.,    Ann.   des    Sc.   Nat.,   II,   xix,  252,   1848. 

Voyage  de  la  Bonite,  Botanique,  i,  242;  atlas,  pi.  CXLIX,  fig.  1,  1846. 
Mastigobripim  co'distipulum  Q.  L.  &  N.,  Syn.  Hep.,  224,  1845.     lindenb.  & 

Qottsche,  Spec.  Hep.,  vii,  65,  pi.  XI,  figs.  1-5,  1851. 
Bazzania  cordistipula  Trevis.,  Mem.  reale  1st.  Lomb.  di  Sci.  e  Lett.,  Ill,  iv, 

414,  1877. 
Bazzania  falcata  Evans,  Trans.  Conn.  Acad.,  viii,  255,  1892  (not  Bazzanim, 

falcaia  (Lindenb.)  Trevis.). 

Plate  III ;  figures  1-14. 

Plants  yellowish  brown  or  green,  densely  caespitose:  stems  robust, 
falsely  dichotomous,  branches  rarely  attenuated  or  flagelliform;  iia- 
gella  postical,  numerous,  long-attenuate,  microphyllous:  leaves  closely 
imbricated,  alternate,  subfalcate,  spreading,  obliquely  ovate,  the 
antical  margin  much  more  rounded  than  the  postical,  obliquely  trun- 
cate, unequally  tridentate;  teeth  broadly  triangular  to  subulate,  acute, 
acuminate  or  apiculate,  antical  tooth  usually  the  longest,  5  to  13  cells 
long  4  to  7  cells  broad,  postical  tooth  3  to  7  cells  long  3  to  4  cells 
broad;  sinuses  obtuse  to  lunate;  antical  base  arching  over  stem;  posti- 
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cal  mar^n  slightly  dilated  near  the  base  ;  line  of  insertion  carved 
slightly  inwards:  underleaves  imbricated,  more  than  twice  as  broad 
as  stem,  orbicular,  apex  subretuse  or  repand,  sometimes  irregularly 
dentate,  base  cordate,  lateral  margins  entire  and  somewhat  reflexed  : 
cells  at  apex  of  leaf  thick-walled,  with  irregular  cavities  and  large, 
sometimes  confluent  trigones,  in  the  middle  with  elongate,  substellate 
cavities  and  large  triangular  to  orbicular,  often  confluent  trigones, 
at  the  base  with  large,  stellate  cavities  and  large  trigones  ;  cells  of 
underleaves  similar  to  those  of  leaves:  $  inflorescence  borne  on  a 
very  short  branch;  $  bracts  in  about  5  pairs;  innermost  bracts  about 
the  length  of  the  leaves,  broadly  ovate,  upper  half  irregularly  denticu- 
late, teeth  1  to  3  cells  long,  apex  deeply  2  to  4  laciniate  (about  one- 
fourth),  innermost  bracteole  similar  to  bracts;  perianth  ovate,  terete 
below,  many  keeled  above,  mouth  somewhat  contracted,  irregularly 
lobed,  lobes  laciniate,  laciniae  denticulate,  8  to  10  cells  long,  4  to  6 
cells  broad,  ending  in  a  row  of  4  or  5  cells  ;  cells  of  perianth  elon- 
gated, with  much  thickened  walls:  capsule  oval,  dark  brown;  spores 
light  brown,  minutely  verruculose;  elaters  tapering  toward  the  ends, 
blunt. 

Stems  CS"^"  in  diameter;  leaves,  antical  axis  1.3"""'  to  LSo""™,  pos- 
tical  axis  1.0"™  to  1.2"°»,  breadth  (greatest)  near  base  O-O*"™  to  LI*"", 
at  apex  0.35'""  to  0.4™",  leaf-cells  at  base  of  median  tooth  26fixl9^, 
in  middle  of  leaf  2C^x21/i,  just  above  base  42/i.x24fi,  extreme  base 
45ft,  antical  edge  15ft;  underleaves  O.T^^xO.So""* ;  cells  of  under- 
leaves 3  8fix  2  2fi;  perianth  2.2""xl.5'"";  innermost  bracts  1.5""x0.9""; 
bracts  of  second  row  1.2"»"x0.75"";  spores  20ft;  elaters  400ftxl5fi. 

Hawaiian  Islands  (Gaudichaud,  Hillebrand,  Tolmie,  Douglas). 
Hawaii  (Beechey,  Macrae).  West  Maui  (Baldwin).  Oahu  (Mann 
&  Brigham);  Nuuanu,  Konahuanui  (Cooke).  Kauai:  Kilohana 
(Cooke) ;  base  of  Pohokupili  (Wawra).  Very  common  from  1000 
to  5000  ft.,  growing  on  the  ground. 

This  species  is  closely  related  to  B.  falcata,  of  Nepal.  A  part  of 
the  type-material,  from  the  herbarium  at  Kew,  has  been  used  for 
comparison.  B,  fcUcata  differs  from  B.  cordistipula  in  its  larger 
leaves  (length,  antical  2.7"",  breadth  at  base  1.6"",  at  apex  0.85""), 
which  are  much  more  falcate  and  bear  one  or  two  teeth  at  the  posti- 
cal  base;  the  leaf-cells  also  are  much  larger  with  stellate  cavities  and 
larger  trigones,  measuring  at  apex  27ft,  in  the  middle  45fix30fi,  at 
the  base  45ftx38ft,  and  along  antical  edge  27ft. 
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ia  EUuidvicexiBiB  (Gottsche)  Steph. 

Mastigobryum  Sandvicensis  Gottsche ;  Steph.  Hedwigia,  xxv,  207,  pi.  11,  figs. 

19-23,  1886. 
Bazzania  cordUtipula  Evans,  Trans.  Conn.  Acad.,  viii,  255,  1892  (not  Bazzania 

cordistipula  (Mont.)  Trevis.). 
Bazzania  Sandvicensis  Steph.,  Bull,  de  THerb.  Boissier,  v,  841,  1897. 

Plate  III;  fiqurbs  15-22. 

Plants  yellowish  brown,  densely  caespitose  :  stems  ascending, 
long,  robust,  irregularly  pinnately  branched,  branches  sometimes 
attenuate,  flagelliform  ;  flagella  numerous,  very  long,  slender,  micro- 
phyllous:  leaves  imbricated  at  the  base,  apex  free,  subfalcate,  spread- 
ing, narrowly  obliquely  ovate,  antical  base  curved,  arching  over  the 
stem,  postical  not  decurrent,  line  of  insertion  curved  slightly  inward, 
apex  obliquely  truncate,  tridentate,  teeth  broadly  triangular,  acute, 
sometimes  apiculate,  about  4  to  8  cells  broad,  6  to  14  cells  long  and 
ending  in  a  row  of  2  to  5  cells,  sinuses  obtuse  or  lunate:  underleaves 
approxinrate  or  distant,  suborbicular,  apex  truncate,  rounded  or 
slightly  retuse  :  leaf -cells  at  apex  with  uniformly  thickened  walls,  in 
the  middle  oblong,  thick- walled,  with  small  trigones,  at  middle  of  base 
large,  with  substellate  cavities  and  large  trigones,  cells  at  antical  edge 
oblong,  with  long  axis  perpendicular  to  edge,  thick-walled,  trigones 
small :  cells  of  underleaf  similar  to  those  of  leaf :  $  inflorescence 
borne  on  a  very  short  branch  ;  ?  bracts  in  about  5  pairs;  innermost 
bracts  broadly  ovate,  the  upper  portion  denticulate,  bifid  to  quad- 
rifid,  lobes  subulate,  2  to  4  cells  broad,  6  to  10  cells  long,  ending  in 
a  row  of  4  to  6  cells;  cells  of  bract  elongated  with  thickened  walls; 
innermost  bracteole  similar  to  bracts;  bracts  and  bracteole  of  second 
row  similar  to  those  of  innermost  row  but  smaller  ;  perianth  ovoid - 
cylindrical,  terete  below,  many  keeled  above,  mouth  deeply  lobed, 
lobes  laciniate,  laciniaB  about  4  cells  broad,  6  to  20  cells  long,  denti- 
culate at  the  base,  ending  in  a  row  of  2  to  4  cells ;  cells  of  perianth 
elongated,  with  numerous  intermediate  thickenings :  capsule  oval, 
borne  on  a  short  stalk  ;  spores  minutely  verruculose,  light  brown. 

Stems  ©.S™""  in  diameter  ;  leaves  antical  axis  1.4™°,  postical  axis 
1.16°°,  breadth  at  apex  0.35°°,  near  base  0.75°°  ;  underleaves 
0.55°°x0.6°°  ;  leaf-cells  at  base  of  median  tooth  17fixl5/A,  at  mid- 
dle of  leaf  29fix20/i,  near  base  50/iXl9ft,  at  middle  of  base  45fix40/i, 
at  antical  edge  ll/ixl5ft;  innermost  bracts  1.9°°xl.0°°;  bracts  of 
second  row  1.25°°x0.7°°;  perianth  3.2°°xl.2°°;  spores  18/a. 
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Hawaiian  Islands  (Remy,  Gaudichaud).  Hawaii  (Baldwin). 
Molokai  (Baldwin).     Oahu:  Nuuanu,  Konahuanui  (Cooke). 

This  species  is  rather  close  to  B,  cordistipula.  The  plants  are 
longer,  the  stems  are  rarely  dichotoniously  branched,  the  leaves  are 
narrower,  less  imbricated,  the  underleaves  are  smaller  and  are  not 
imbricated,  the  leaf -cells  are  thicker  walled,  with  smaller  trigones, 
and  at  the  apex  are  much  smaller. 

BamsaTiia  NuuanuensiB  sp.  nov. 

Plate  III;  figures  28-31. 

Plants  green,  loosely  caespitose:  stems  more  or  less  ascending, 
falsely  dichotomous;  Hagella  numerous,  slender :  leaves  alternate, 
closely  imbricated  to  the  apex,  spreading,  subfalcate,  broadly  ovate, 
antical  base  arching  over  the  stem,  sub'cordate,  postical  base  not 
decurrent,  line  of  insertion  curved  slightly  inward,  apex  truncate  to 
rounded,  margin  slightly  undulate  :  underleaves  more  than  twice  as 
broad  as  stem,  transversely  or  subobliquely  inserted,  approximate, 
orbicular,  cordate  at  the  base^  apex  retuse  or  truncate  ;  leaf -cells  at 
apex  of  leaf  thick-walled,  cavities  slightly  irregular,  trigones  large, 
often  confluent,  in  the  middle  somewhat  elongated,  cavities  substel- 
late,  trigones  large,  at  the  base  elongated,  with  intermediate  thicken- 
ings and  large,  more  or  less  orbicular  trigones,  cells  along  margin 
similar  to  those  at  apex. 

Stems  0.3""  in  diameter ;  leaves  1.15""xl.l"",  leaf-cells  at  apex 
22fix20fi,  at  middle  35/Ax27fi,  at  middle  near  base  50/ax28/a;  under- 
leaves O.e^^xO.S"",  cells  at  middle  of  underleaf  30ftx24/i. 

Oahu  :  western  ridge  of  Nuuanu  (Cooke). 

This  species  is  closest  to  J?,  cordistipula  among  the  Hawaiian 
species :  it  is  easily  distinguished  by  its  apex  not  being  toothed  ; 
its  leaves  also  are  broader  in  proportion  to  their  length,  the  cells  are 
slightly  larger,  and  the  underleaves  ^re  slightly  smaller  and  not  so 
closely  imbricated. 

BaCTMjTiia  Didericiana  Steph. 

Mastigobryum  Didericianum  Steph.,  Hedwigia,  zxiv,  249,  pi.  Ill,  fig.  2,  1886. 
Bazzania  Didericiana  Steph.,  Ball,  de  THerb.  Boissier,  v,  841,  1897. 

Plate  IV;  figures  1-18. 

Plants  yellow-green,  densely  csespitose  :  stems  robust,  sparingly 
branched,  ascending;  flagella  numerous,  slender,  microphyllous:  leaves 
imbricated,  spreading,  subfalcate,  obliquely  ovate,  antical  base  arch- 
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ing  Dearly  across  the  stem,  postical  base  not  decurrent,  line  of  inser- 
tion lunate,  apex  obliquely  truncate,  tri-(bi-  or  quadri-)  dentate,  teeth 
broadly  triangular,  acute  ;  sinuses  separating  teeth  lunate  :  under- 
leaves  twice  the  width  of  the  Btem,  approximate  or  slightly  imbri- 
cated, orbicular,  apex  retuse,  crenulate  or  dentate,  base  subcordate  : 
leaf -cells  with  stellate  cavities,  walls  thin,  trigones  large,  sometimes 
nearly  as  large  as  the  cavities  ;  cells  of  underleaves  similar  to  those 
of  leaves  :  $  inflorescence  borne  on  a  very  short  branch ;  bracts 
in  3  or  4  pairs  ;  innermost  bracts  ovate,  the  upper  half  denticulate, 
apex  bifid  to  quadrifid,  lobes  subulate,  margins  denticulate  ;  cells 
with  thickened  walls,  those  at  margin  with  outer  walls  thin,  trigones 
small  ;  innermost  bracteole  similar  to  bract  but  narrower  and  slightly 
shorter  ;  bracts  and  bracteole  of  second  row  much  smaller,  bifid  to 
quadrifid,  lobes  subulate, .  sparingly  denticulate  ;  perianth  ovoid- 
cylindrical,  terete  below,  irregularly  keeled  above,  mouth  contracted, 
irregularly  lobed,  lobes  laciniate,  lacinisB  2  to  4  cells  broad,  5  to  8  cells 
long,  ending  in  a  row  of  2  to  5  cells:  capsule  oval,  dark  brown;  spores 
round,  verruculose  ;  elaters  slender,  blunt. 

Stems  0.3"""  in  diameter,  leaves  0.85™"'  long,  0.6°^"  wide  near  the 
base,  0.25""  at  the  apex;  underleaves  0.35""x0.5"";  leaf -cells  at  base 
of  median  tooth  25/a,  at  ba'se  of  leaf  57fix33/A,  autical  edge  24/a,  at 
middle  of  underleaf  40/Ax30/i ;  innermost  bract  1.6""xl.l'""  ;  inner- 
most bracteole  1.6"'"x0.8"";  perianth  2.9""xl.0"";  spores  20/a;  ela- 
ters 160  to  240/iXl2/A. 

Hawaii:  Kilavea  (Didrichsen).  Hawaiian  Islands  (Baldwin).  Oahu: 
Nuuanu  (Cooke). 

This  plant  is  easily  distinguished  from  J3.  cordistipula,  its  nearest 
Hawaiian  relative,  by  its  shorter  and  much  less  frequently  branched 
stems,  by  its  much  smaller  leaves  and  underleaves,  and  by  its 
slightly  larger  leaf-cells  with  stellate  cavities  and  much  larger 
trigones. 

An  aberrant  form  of  this  species  is  found  in  the  same  locality  but 
not  mixed  with  typical  specimens.  The  stems  branch  much  more 
frequently,  the  leaves  are  nearly  half  again  as  long  and  twice  as 
broad,  deeply  bideiitate,  the  lobes  triangular,  acute  or  acuminate, 
4  to  6  cells  broad,  6  to  8  cells  long,  connivent  or  spreading,  the  sinus 
acute  or  obtuse,  and  the  underleaves  are  larger  and  less  toothed. 
The  cellular  structure,  however,  agrees  w^ith  that  of  typical  speci- 
mens. 
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"BagtaiiTiia  emaxginata  (Steph.)< 

MatHgohrynm  IHderieianuniy  tbt.  emarQmatum  Steph.,  Hedwigia,  xzir,  249, 
1885. 

Platb  IY;  figures  14-27. 

Plants  yellowish  brown,  growing  in  loose  taf ts  on  the  trees  and  on 
the  ground,  often  mixed  with  other  hepaticae ;  stems  very  slender, 
sparingly  branched,  often  pendulous ;  flagella  scattered,  very  slen- 
der :  leaves  distant,  rarely  approximate,  spreading,  subf alcate,  lan- 
ceolate, antical  base  arching  about  half  way  over  the  stem,  postical 
base  not  decurrent,  apex  bidentate  or  emarginate,  teeth  subulate, 
divergent  or  parallel,  3  to  6  cells  broad,  4  to  12  cells  long,  ending  in  a 
row  of  2  to  6  cells,  antical  tooth  often  longer  than  the  postical ;  sinus 
acute  or  obtuse  :  underleaves  distant  or  approximate,  twice  as  broad 
as  stem,  broadly  ovate,  base  slightly  curved,  apex  truncate,  retuse  or 
erose-dentate  :  leaf-cells  at  apex  large,  thin-yralled,  cavities  stellate, 
pits  long,  trigones  large,  sometimes  confluent,  cells  at  margin  small, 
elongated,  perpendicular  to  edge,  at  the  middle  of  the  base  oblong, 
trigones  large,  often  confluent ;  at  middle  of  underleaf  similar  to 
those  of  leaf :  $  inflorescence  borne  on  a  short  branch ;  bracts  in 
about  three  rows ;  innermost  bracts  ovate,  the  upper  portion  den- 
ticulate, apex  bifid  to  quadrifid,  lobes  subulate,  denticulate  at  the 
base,  2  to  4  cells  broad,  5  to  8  cells  long,  ending  in  a  row  of  3  to  5  cells; 
innermost  bracteole  similar  to  bracts ;  bracts  of  second  row  ovate 
sparingly  denticulate,  bifid,  teeth  2  to  4  cells  long,  2  to  4  cells  broad; 
bracteole  similar  to  bracts  ;  perianth  ovoid-cylindrical,  terete  below, 
many  keeled  above,  2  cells  thick  near  base,  mouth  contracted,  irreg* 
ularly  lobed,  lobes  laciuiate,  lacinise  2  to  4  cells  broad,  4  to  7  cells 
long,  ending  in  a  row  of  about  4  cells:  capsule  oval,  purplish  brown; 
spores  brown,  verruculdse:  ^  spike  occupying  a  short  postical  branch; 
bracts  in  about  6  pairs,  concave,  broadly  ovate,  apex  irregularly  den- 
tate, teeth  1  or  2  cells  long,  1  or  2  cells  broad;  bracteoles  much  smaller, 
broadly  ovate,  apex  emarginate,  lobes  triangular,  rounded ;  anther- 
idia  borne  singly. 

Stems  0.2°'°*  in  diameter;  leaves  1.3°*°*  long,  0.25°°*  broad  at 
apex,  0.5°*°*  broad  at  base  ;  underleaves  0.45'"°'x0.4°*°*,  leaf -cells  at 
apex  33f^  at  middle  of  base  57fix28/j^  at  antical  edge  20/ax31/a,  at  mid- 
dle of  underleaf  45/ix30/A ;  innermost  bract  1.2'*'°'x0.65°*°*;  bract  of 
second  row  0.75°*°*x0.45°*°* ;  outermost  bract  0.25°*°*x0.25°*°*;  perianth 
2.4°*°*xl.0°*°*;    ^  bracteole  0.25°*"x0.3°*°';  spores  22/i. 

Tbajts.  Conn.  Aoad.,  Vol.  XII.  2  Mat,  1904. 
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Hawaii :  Kilavea  (Didriohsen).  East  Maui  (Baldwin).  Oahu  : 
KonahuaDui  (Heller,  Cooke)  ;  Lanahuli  (Cooke). 

This  species  is  very  common  on  the  higher  mountain  ridges,  where 
it  completely  covers  the  trunks,  branches  and  twigs  of  the  lower 
stunted  trees,  sometimes  along  with  Herpocladium  and  ^fferberta, 
which  it  closely  resembles  to  the  naked  eye.  Of  the  Hawaiian 
£azzanicBy  B.  Dideriaciana  is  nearest  to  -S.  emarginata.  The  stems 
of  the  latter  are  much  longer  and  slenderer,  the  leaves  are  usually 
distant,  are  longer,  narrower  and  more  falcate,  the  apex  is  bidentate, 
the  underleaves  are  smaller  and  narrower  in  proportion  to  their 
length,  the  leaf -cells  are  much  larger. 

B,  emarginata  is  very  close  to  B,  faXlax  (Sande-Lac.)  Sohiffn.,  of 
the  East  Indian  archipelago.  Unfortunately  the  writer  has  been 
unable  to  procure  specimens  of  the  latter  species.  The  comparisons 
are  therefore  made  from  the  descriptions  and  figures.'  The  Hawaiian 
species  differs  from  thq  East  Indian  in  the  following  characters  :  the 
leaves  are  longer  and  narrower,  with  much  longer  and  more  subulate 
teeth,  the  underleaves  are  much  shorter  and  broader,  the  leaf -cells 
are  somewhat  larger,  the  innermost  bracts  are  longer,  narrower  and 
with  much  fewer  and  shorter  lobes. 

Bazgania  Baldwinii  Anst. 

Bazzania  Baldwinii  Anst.;  Evans,  Trans.  Conn.  Acad.,  viii,  255,  pi.  XXII, 

figs.  4,  5,  1892. 
Bazzania  deflexa  Evans,  1.  c,  255  (not  B.  defltxa  (Nees)  Underw.). 

Plate  Y;  figures  14-83. 

Plants  loosely  csespitose,  yellowish  green  :  stems  slender,  sparingly 
branched,  sometimes  with  leafy  branches  given  off  from  axils  of 
underleaves,  oval  in  section  ;  fiagella  few,  spattered,  very  slender : 
leaves  distant,  approximate  or  imbricated  at  the  base,  subfalcate, 
when  dry  concave,  sublanceolate  to  obliquely  ovate,  antical  base 
curved,  arching  nearly  over  the  stem,  post  leal  base  not  decurrent, 
obliquely  truncate,  tri-(bi-)dentate,  antical  tooth  the  largest,  3  to 
6  cells  long,  2  to  4  cells  broad,  median  and  postical  teeth  usually 
containing  from  3  to  5  cells ;  sinuses  obtuse  or  lunate  :  underleaves 
remote,  wider  than  stem,  ovate-quadrate,  apex  truncate,  undulate  or 
erose-dentate,    with    obtuse   teeth  :    leaf -cells   at  apex   thin- walled. 


>  Mastigobryum  Bomeense  De  Notaris,  Epatiche  di  Borneo,  303,  tab.  XXXI, 
1874.  This  species  is  referred  by  Schiffner  to  B.  fallax  (vid.  Conspectus  Hepati- 
camm  Archipelagi  Indici,  158,  1898). 
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comers  rounded,  trigones  small,  triangular,  at  base  larger,  thin- 
walled,  comers  routided  or  slightly  indented,  trigones  small,  tri- 
angular, at  margin  similar  to  those  at  apex  ;  cells  of  underleaf 
similar  to  those  of  leaf  :  ^  spike  occupying  a  short  postical  branch, 
dark  brown  ;  bracts  in  5  to  10  pairs,  closely  appressed,  concave, 
suborbicular,  apex  usually  bidentate,  teeth  small,  triangular ;  brac- 
teole  ovate,  bidentate,  teeth  similar  to  those  of  bracts  ;  antheridia 
borne  singly,  oval. 

Stems  0.25"°»  in  diameter;  leaves  0.9°^"*  long  0.2°"^  wide  at  the 
apex,  O.S"*"*  at  the  base;  underleaves  0.4"™x0.35'"°*,  leaf-cells  at  apex 
20/A,at  base  38/ax30/a,  at  anticaledge  13/ixl7fi;  <5  bracts  0.5"™x0.5""; 
bracteoles.  0.5™"x0.4"". 

East  Maui:  Haleakeala  (Baldwin).     West  Maui  (Baldwin). 

This  species  is  closely  related  to  B.  triangularis  (Schleich.) 
Lindb.  (=  B,  deflexa),  of  Europe,  North  America  and  Asia.  For 
comparison  specimens  from  G.  &  R.,  Hep.  Eur.,  No.  634,  have  been 
used.  The  leaves  of  B.  Baldwinii  are  much  less  concave,  narrower 
and  frequently  bidentate,  the  leaf-cells  have  thinner  walls  and 
smaller  trigones,  the  cells  at  the  base  are  somewhat  larger,  the 
underleaves  are  more  oblong. 

Bassania  minuta  (Anst.)  EvaiiH. 

Mastigcbryum  minutum  Anst.,  Bull.  Torr.  Bot.  Clab,  v,  17,  1874. 
Bazzania  minuta  Evans,  Trans.  Conn.  Acad.,  yiii,  255,  1892. 

Plate  V ;  fiqurss  1-18. 

Plants  loosely  csespitose,  yellowish  green  :  stems  slender,  spar- 
ingly branched  ;  leafy  branches  lateral,  sometimes  postical  from  the 
axil  of  an  underleaf ;  flagella  scattered,  very  slender :  leaves 
approximate  or  distant,  spreading,  lanceolate-ovate,  apex  bidenticu- 
late,  sometimes  acute  or  apicnlate,  antical  base  curved,  arching 
partly  over  the  stem,  postical  base  not  decurrent :  underleaves  dis- 
tant, a  little  broader  than  the  stem,  base  subcordate,  apex  obtuse 
or  truncate,  bidentate,  retuse  or  erose-dentate,  lateral  margin 
sometimes  unidentate  :  leaf-cells  at  apex  thin-walled,  cavities  with 
irregular  outline,  trigones  small,  at  base  larger,  but  agreeing  in  other 
points  with  those  of  apex,  at  margin  similar  to  those  at  apex  ;  cells 
of  underleaves  smaller  than  those  of  leaves  and  with  smaller  tri- 
gones. 

Stems  0.15"™  in  diameter  ;  leaves  0.6'"°x0.4"*°* ;  underleaves  0.15"°* 
xO.12""  ;  leaf-cells  at  apex  23/1x21/1,  at  base  34/ix28/i,  at  antical  edge 
17/A  ;  ceils  of  underleaves  22/ax17/a. 
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Hawaiian  Islands  (Hillebrand).     East  Maui  (Baldwin). 

JSazzania  tninuta  is  more  closely  related  to  B,  Baldwinii  than  to 
any  other  Hawaiian  Bazzania.  They  are  easily  distinguished  by 
the  difference  in  size  of  the  plants  and  by  the  form  and  size  of  the 
leaves  and  underleaves. 

"Bamtania  patens  (Mont.)  Trevis. 

Herpetium patens  Mont.,  Ann.  des  So.  Nat.,  11,  ziz,  S95,  1848.  Voyage  de  la 
Bonite,  Botaniqne,  i,  242 ;  atlas,  pi.  CXLIX,  fig.  2,  1846. 

MoMtigobryum  patens  G.  L.  &  N.,  Syn.  Hep.,  221, 1845.  Lindenb.  Si  Gottsche, 
Spec.  Hep.,  rii,  48,  tab.  VIII,  flge.  1-4,  1851. 

Masttgobiyum  parvistipiUum  Anst.,  Ball.  Torr.  Bot.  Clnb,  v,  16,  1874. 

Bazzania  patens  Trevis.,  Mem.  reale  Ist.  Lomb.  di  Sol.  e  Lett.,  Ill,  iv,  414, 
1877. 

Bazzania  Beeeheyana  Steph.,  Hedwigia,  xxzii,  204,  1898. 

Plats  VI;  fioubbs  1-10. 

Plants  depressed,  loosely  csespitose,  green :  stems  prostrate, 
falsely  dichotomous ;  flagella  short,  blunt ;  rhizoids  borne  in 
clusters  at  the  base  of  underleaves,  long,  colorless :  leaves  slightly 
imbricated,  subfalcate,  truncate,  tri- (rarely  quadri-)  dentate,  teeth 
broadly  triangular,  2  or  3  cells  long,  acute ;  sinuses  separating  teeth 
broadly  lunate  :  underleaves  slightly  broader  than  the  stem,  sub- 
quadrate,  apex  irregularly  4  to  6  dentate,  teeth  triangular,  often 
divided,  2  or  3  cells  broad,  3  to  5  cells  long,  lateral  margins  often 
dentate :  leaf -cells  at  apex  large,  walls  slightly  thickened,  tri- 
gones small,  at  middle  of  base  very  large,  oblong-polygonal,  walls 
slightly  thickened,  trigones  small ;  cells  of  the  underleaves  oblong, 
smaller  than  those  of  leaves,  with  thinner  walls  and  smaller  trigones. 

Stem  0.4°™  in  diameter ;  leaves  1.95°"x0.85°°  ;  underleaves  0.4°*° 
x0.5°™;  leaf -cells  at  apex  40/ax30/i,  at  middle  of  base  52/4x40/:*,  anti- 
cal  edge  near  base  22/i ;  cells  of  underleaves  43fLx32fi. 

Hawaiian  Islands  (Gaudichaud,  Andersson).  East  Maui  (Baldwin). 
Oahu  (Beechey,  Mann  and  Brigham)  ;  Nuuanu  (Cooke).  Kauai  : 
Kilohana  (Cooke), 

B,  patens  is  close  to  Mastigohryum  Cubense  Gottsche.*  It 
differs  however  in  the  following  points  :  B.  patens  is  a  larger  plant, 
the  leaves  being  nearly  twice  as  large,  the  cell-walls  are  thinner  and 
the  trigones  are  smaller  and  are  not  confluent,  the  cells  at  the  base 
are  larger  and  their  trigones  are  smaller  and  are  not  confluent,  the 
underleaves  are  smaller  and  have  thinner  cell-walls  and  smaller 
trigones. 


iStephani,  Hedwigia,  zxIy,  249,  pi.  Ill,  fig.  1,  1885. 
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Bazzania  inBsquabilis  Steph.  Ms. 

Plate  VI ;  fiourxs  11-25. 

Plants  loosely  csespitose,  green  :  stems  subascending,  robust,  fre- 
quently branching  dichotomously,  branches  lateral,  sometimes  post!- 
cal  from  the  axil  of  an  underleaf ;  Hagella  scattered,  short :  leaves 
densely  imbricated,  spreading,  subfalcate,  ligulate,  antical  base 
slightly  dilated,  arching  partly  over  the  stem,  apex  transversely  or 
obliqu^ely  truncate,  tri- (rarely  bi-  or  quadri-)dentate,  teeth  triangu- 
lar to  subulate,  parallel  or  spreading :  underleaves  approximate, 
scarcely  broader  than  stem,  subquadrate,  usually  connate  on  one 
side,  apex  truncate,  irregularly  dentate  :  leaf -cells  at  apex  subquad- 
rate, comers  rounded,  walls  slightly  thickened,  trigones  small,  at 
middle  of  base  larger,  oblong,  corners  slightly  rounded,  walls  slightly 
thickened,  trigones  small ;  cells  at  middle  of  underleaves  oblong, 
with  slightly  thickened  walls,  trigones  small :  $  inflorescence  borne 
on  a  very  short  branch  ;  bracts  in  about  3  rows  ;  innermost  bracts 
ovate,  upper  portion  irregularly  denticulate,  deeply  bilobed,  lobes 
subulate,  denticulate  at  the  base,  acuminate  or  bifid  at  the  apex; 
innermost  bracteole  similar  to  bracts  ;  cells  of  innermost  bracts 
elongated  thin-walled,  trigones  lacking  :  perianth  ovoid-cylindrical, 
terete  below,  irregularly  keeled  above,  mouth  contracted,  lobed,  lobes 
ciliate,  cilia  2  to  4  cells  broad,  6  to  8  cells  long,  ending  in  a  row  of 
3  to  5  cells  ;  cells  of  perianth  elongated,  with  scarcely  thickened 
walls  :  ^  spike  occupying  a  short  postical  branch  ;  bracts  in  about 
5  rows,  broadly  ovate,  apex  usually  bidentate,  teeth  broadly  trian- 
gular. 

Stems  CSS"*"  in  diameter ;  leaves  about  1.0'»"x0.45°^"  to  55°"  ; 
underleaves  0.3'°"x0.35™°,  leaf-cells  at  apex  30fix21^,  at  middle  of 
base  37fix25/A,  at  antical  edge  near  base  18fi,  cells  of  underleaf 
34/iX25fi;  perianth  2.9""*x0.9°*";  innermost  bracts  1.3°*°x0.55™°;  cells 
of  perianth  S0fi,x20fjL,  of  innermost  bracteole  Y5ftx30/A;  $•  bracts  0.4"° 
x0.35°"»  ;  cells  of  S  bracts  32/ix20/A. 

Oahu  (Lauterbach)  ;  Pauoa  (Heller) ;  Nuuanu  (Cooke).  Kauai  : 
Lihue  (Cooke). 

jB.  inoBquabilis  is  a  much  smaller  plant  than  B.  patens^  the  stems 
branch  much  more  frequently,  the  leaves  are  smaller,  more  closely 
imbricated,  less  falcate,  sometimes  spreading  almost  at  right  angles 
to  the  stem,  the  apex  is  much  more  deeply  toothed,  the  underleaves 
are  longer  in  proportion  to  their  breadth,  less  deeply  toothed,  and 
the  cells  of  the  leaves  and  underleaves  are  smaller  throughout. 
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Baazajiia  Brighami  (Aust.)  Evans. 

Mastigobryum  Brighami  Aast.,  Boll.  Torr.  Bot.  Clab,  t,  16,  1874. 
Mcutigohryum  ligulatum  Sande-Lac.;  Steph.,  Hedwigia,  zxv,  202,  pi.  I,  figs. 

13,  14,  1886. 
Bazzania  Brighami  Evans,  Trans.  Conn.  Acad.,  viii,  255,  1892. 

Plate  Vn. 

Plants  loosely  caespitose,  green  or  yellow-brown  :  stems  slender, 
creeping  or  ascending,  branching  frequently  and  dicbotomously; 
branches  blunt,  rarely  attenuated  or  flagelliform;  leafy  branches 
sometimes  arising  postically  from  the  axils  of  underleaves ;  stems 
about  8  cells  in  diameter,  all  the  cells  of  about  the  same  size,  walls 
much  thickened,  cortical  cells  in  about  20  longitudinal  rows,  their 
walls  pigmented  ;  flagella  numerous,  slender,  sometimes  branching; 
rhizoids  borne  in  clusters  at  the  base  of  underleaves:  leaves  approxi- 
mate or  slightly  imbricated,  nearly  opposite,  spreading,  subfalcate, 
ligulate  to  broadly  ovate,  antical  base  slightly  dilated,  arching  half- 
way over  stem,  apex  truncate,  tridentate,  teeth  broadly  triangular, 
acute  to  apiculate,  sometimes  rounded,  1  to  3  cells  long ;  sinuses 
separating  teeth  broadly  lunate:  underleaves  distant  or  approximate, 
much  wider  than  the  stem,  usually  connate  with  the  leaf  on  one  side, 
sometimes  connate  on  both  sides,  subquadrate  to  broadly  ovate,  apex 
truncate,  irregularly  quadridentate,  teeth  triangular  acute  or  apicu- 
late, often  bifid  :  leaf-cells  at  the  apex  with  much  thickened  cell- 
walls,  cavities  small,  subquadrate,  at  middle  near  base  subvittate,  th^ 
cells  oblong,  thick-walled,  trigones  small;  cells  of  underleaves  oblong, 
walls  slightly  thickened,  the  base  of  the  underleaf  showing  one  or 
two  rows  of  very  small  cells  with  uniformly  much  thickened  walls 
and  irregularly  oblong-quadrate  cavities:  $  inflorescence  borne  on  a 
short  branch;  bracts  in  3  to  5  pairs;  innermost  bracts  broadly  ovate, 
the  upper  part  of  margin  irregularly  dentate  or  denticulate,  deeply 
bifid  to  quadrifid,  lobes  subulate,  irregularly  denticulate  at  the  base; 
innermost  bracteole  similar  to  bracts,  usually  less  deeply  lobed;  cells 
oblong,  with  slightly  thickened  walls  ;  bracts  of  second  row  ovate, 
bifid  :  perianth  fusiform,  terete  below,  irregularly  keeled  above, 
mouth  lobed,  lobes  ciliate,  cilia  4  to  6  cells  long,  1  or  2  cells  broad, 
apical  cell  minutely  verruculose :  S  spikes  borne  in  the  axils  of  under- 
leaves,  sometimes  on  flagella,  often  curved  ;  bracts  in  5  to  10  pairs, 
concave,  broadly  ovate,  apex  bidentate  or  bidenticulate,  teeth  trian- 
gular, apiculate,  sometimes  acute,  apical  tooth  minutely  verruculose, 
lateral  margins  entire  or  sometimes  bearing  1  or  2  teeth  ;  bracteoles 
ovate  or  subquadrate,  apex  truncate  or  rounded,  bidenticulate,  teeth 
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separated  by  a  broadly  lunate  sinus,  margin  entire,  sometimes  bear- 
ing a  lateral  tooth  on  one  or  both  sides;  cells  of  bracts  and  bracteoles 
polygonal,  walls  slightly  and  uniformly  thickened. 

Stems  0.18*°"*  in  diameter  ;  leaves  0.75"'"x0.25"™  at  apex  to  0.4"°» 
at  base;  underleaves  0.25™"x0.35™™  ;  leaf-cells  at  apex  20fixl8ft,  at 
middle  20/1,  at  base  35fix25fi,  at  antical  edge  12/x,  underleaf-cells  at 
middle  20/ixl5fi,  at  base  12/i;  perianth  2.4™™x0.8"°  ;  innermost  9 
bracts  l.l""x0.7™"  ;  cells  at  middle  of  bracts  75/Ax25/jt ;  ^  bracts 
0.3""*  to  0.45"'"x0.13°*™  to  0.22;  cells  at  middle  of  5  bract  32/Ax24/i. 

Hawaiian  Islands  (Herb.  Sande-Lac,  Baldwin).  Oahu  (Mann  and 
Brigham)  ;  Nuuanu,  Mt.  Tantalus^  Konahuanui  (Cooke).  Kauai : 
Kilohana,  Molokoa  (Cooke). 

Specimens  of  Mastigohryum  ligulatum  from  Herr  Stephani  agree 
perfectly  with  the  type-specimens  of  M,  Brighami  collected  by 
Mann  and  Brigham.  This  species  is  very  distinct  from  the  other 
Hawaiian  BazzanicB,  Perhaps  B,  incequabilia  is  the  most  closely 
related.  B,  Brighami^  however,  is  a  much  smaller  plant,  the  leaves 
are  smaller  and  the  sides  more  parallel,  the  leaf-cells  are  smaller, 
with  much  thicker  cell-walls. 

Of  great  interest  in  this  species  is  the  occurrence  of  anthefidial 
spikes  on  the  flagella.  This  tendency  was  found  on  several  plants 
which  came  from  the  same  log.  It  may  be  compared  with  the  posi- 
tion of  male  spikes  on  the  ventral  branches  of  Kantia^  since  the 
flagella  are  modified  postical  branches.  Leafy  branches  occur  posti- 
cally  on  B,  Brighami  but  no  male  spikes  were  found  on  them. 
That  male  spikes  occur  on  flagella  is  mentioned  by  Lindenberg' 
and  by  Pearson.'  In  B.  Brighami  sometimes  as  many  as  three 
spikes  were  found  on  a  single  flagellum. 

Kantia  S.  F.  Gray,  1821. 

Plants  rather  small  to  large,  dark  green  to  pale  green,  depressed - 
csespitose  or  scattered  among  other  bryophytes  :  stems  prostrate  or 
assurgent  at  the  sometimes  gemmiparous  apex,  subsimple  or  rarely 
branching  ;  branches  postical,  blunt  or  attenuated  ;  rbizoids  long, 
colorless,  borne  in  clusters  at  the  base  of  the  underleaves :  leaves 
closely  imbricated  to  approximate,  incubous,  alternate,  spreading 
narrowly  ovate  to  suborbicular,  entire,  apex  rounded  or  retuse,  some- 
times cuspidate,  bidentate  or  bilobed  :  leaf -cells  large,  mostly  isodi- 


»  G.  L.  &  N.,  Syn.  Hep.,  214,  1845. 

*  The  UepaticaB  of  the  British  Isles,  129,  1900.     The  species  here  referred  to 
is  B.  trildbata. 


24  C  M.  Cook€y  Jr. — The  Hawaiian  JBepcUicoe 

• 

ametric  or  oblong-hexagonal,  thin*walled  or  with  walls  scarcely 
thickened,  trigones  small  or  lacking :  underleaves  always  present, 
usually  large,  broadly  ovate,  suborbicular  or  broadly  reniform,  apex 
entire,  retuse  or  bilobed,  lobes  often  equally  or  unequally  bifid  : 
dioicous,  autoicons  or  paroicous;  sexual  branches  axillary  to  the 
underleaves :  $  bracts  in  2  or  3  rows,  very  much  smaller  than  the 
leaves,  subrotund,  ovate  or  lanceolate,  entire  or  2  to  4  lobed,  sub- 
connate  ;  bracteoles  similar  ;  perianth  lacking ;  archegonia  less  than 
12:  perigynium  developed  from  the  $  branch,  pendulous,  subter- 
ranean, carnose,  many  cells  thick,  radicelliferous,  clavate  or  subcylin- 
drical,  the  apex  crowned  by  the  persisting  bracts  and  bracteoles,  the 
interior  surface  papillate  ;  calyptra  nearly  as  long  as  the  perigynium, 
adnate  almost  to  the  apex,  the  free  portion  bearing  the  sterile  arche- 
gonia :  capsule  cylindrical,  the  four  linear,  spirally  wound  valves 
2  cells  thick,  the  inner  layer  with  numerous  semiannular  bands,  which 
are  nearly  lacking  in  the  outer  layer  ;  **  involucellum  "  highly  devel- 
oped, finally  adnate  to  the  calyptra  and  reaching  to  the  line  of  separ- 
ation of  calyptra  and  perigynium  walls,  its  cells  elongated  and  sinu- 
ous :  elaters  long,  slender,  blunt,  bispiral  ;  spores  minute,  about  the 
diameter  of  the  elaters. 

Apex  of  leavoB  subtrancate  or  ronnded,  verracnlose :  underleaves  retuse. 

K,  Baldvoinii. 
Apex  of  leaves  nsnally  cuspidate  ;  anderleaves  deeply  bifid,  lobes  triangular. 

K.  ev^idata. 
Apex  of  leaves  nsnally  bidentate. 

Leaves  large,  1.25'""xl.l'"",  teeth  1  to  8  cells  long;   underleaves  bifid 

abont  two-thirds.  K,  Toaana. 

Leaves  small,  abont  0.65'"°'x0.5'"'°,  teeth  8  or  4  cells  long ;  underleaves  bifid 

to  within  a  cell  of  the  base.  K.  hifarca. 

Kantia  Tosana  Steph. 

Calypogeia  Trichomanisiliitt.;  Seemann,  flora  Vitiensis,  407, 1871  (not  Kantia 

Trichomanis  (L.)  S.  F.  Gray). 
Kantia  bidentula  Evans,  Trans.  Conn.  Acad.,  viii,  256,  1892  (not  Jungerman- 

nia  bidentula  W^b.). 
Kantia  Tosana  Steph.,  Hedwigia,  zxziv,  54,  1895. 

Plats  VIII ;  figures  1-8. 

Polyoicous :  plants  in  loose,  depressed  mats  :  stems  prostrate, 
frequently  branching,  the  branches  obtuse  or  sometimes  elongate-fla- 
gelliform,  often  gemmiparous ;  branches  similar  to  stems ;  flagella 
lacking  or  rarely  present ;  rhizoids  long,  colorless,  borne  in  clusters 
at  the  base  of  underleaves  :  leaves   alternate,  spreading,  obliquely 
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inserted,  imbricated,  rarely  approximate  or  distant,  ovate,  antical 
base  arching  partly  over  stem,  poetical  base  slightly  decarrent,  apex 
bidentalate,  rarely  obtuse  or  acute,  teeth  small,  acute  or  obtuse,  1  to  3 
cells  long  :  cells  of  leaf  polygonal,  thin-walled,  cavities  angular,  tri- 
gones  lacking;  cells  at  base  oblong-polygonal :  underleaves  distant, 
twice  the  width  of  stem,  subtransversely  inserted,  decurrent,  broadly 
reniform,  deeply  bifid  (about  two-thirds),  lobes  entire  or  unequally 
cleft,  divisions  acute  or  obtuse,  sinus  separating  lobes  obtuse  or 
lunate  ;  cells  of  underleaves  similar  to  those  of  leaf  but  somewhat 
smaller  :  $  inflorescence  usually  borne  singly,  sometimes  two  $ ,  a  ^ 
and  a  $ ,  or  a  $  and  a  vegetative  branch  borne  from  the  axil  of 
the  same  underleaf ;  bracts  in  two  or  three  pairs,  small,  broadly 
ovate,  usually  bifid  ;  bracteoles  similar  to  bracts  :  androecium  a  short 
branch,  usually  borne  singly  but  sometimes  in  pairs  from  the  axils 
of  the  underleaves:  $  bracts  in  4  to  8  pairs,  ovate,  deeply  bifid 
(about  one-half),  lobes  subulate  :  capsule  long,  oval  ;  spores  light 
brown,  minute,  round  ;  elaters  blunt,  bispiral. 

Stems  0.45°°»  in  breadth  ;  leaves  Li^^xl.!""*  to  1.25'°'"xl.l"»'»; 
underleaves  0.35'°'°x0.8"™  to  0.3""x0.5'"";  leaf-cells  at  apex  45/a,  at 
base  90/ax45^  at  margin  near  postical  base  90/ax30/a,  near  antical 
base  V5/AX35/A  ;  perigynium  S.G^^xO.S"*"*  to  5.75""x0.9"*™;  elaters 
SOO fjLXl5fi ;  spores  18/a. 

West  Maui  (Baldwin).  Oahu:  Nuuanu  (Cooke).  Kauai:  Kilohana 
(Cooke). 

This  species  is  very  common  in  damp,  shady  valleys,  growing  on 
the  ground.  It  is  about  the  same  size  as  the  widely  distributed  JT. 
TrichomaniSy  of  Europe  and  North  America,  but  its  leaves  are  nar- 
rower, more  acute,  and  almost  always  bidentulate  ;  the  leaf-cells  also 
are  much  larger  and  with  thinner  cell-walls,  and  the  underleaves  are 
wider  in  proportion  to  their  length. 

Xantia  cuspidata  Steph. 

Kantia  eutpidata  Steph.,  Bull,  de  THerb.  Boiamer,  v,  846,  1897. 

Platb  Yin ;  riQURSS  9-14. 

Sterile :  plants  greenish  yellow,  loosely  csespitose,  depressed  : 
stems  short,  prostrate,  rarely  branching  ;  true  flagella  lacking  ;  rhi- 
zoids  long,  colorless,  borne  in  clusters  at  the  base  of  the  underleaves: 
leaves  imbricated,  alternate,  obliquely  inserted,  spreading,  plane, 
ovate,  antical  base  arching  partly  over  stem,  slightly  rounded,  pos- 
tical base  slightly  decurrent,  apex  obtuse  or  cuspidate :  leaf-cells  at 
margin  thin-walled,  just  inside  the  marginal  row  polygonal,  at  base 
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polygonal-oblong,  cuticle  smooth  :  underleaves  distant,  somewhat 
broader  than  stem,  broadly  ovate,  deeply  bifid  about  three  fourths, 
the  lobes  triangular,  acute,  parallel  or  spreading,  6  to  8  cells  broad, 
8  to  12  cells  long  ;  sinus  separating  lobes  acute  or  obtuse  ;  cells  of 
underleaves  similar  to  those  of  leaves. 

Stems  0.25""  to  0.3""  in  breadth;  leaves  1.05""x0.9"" ;  leaf-cells 
at  apex  33/a,  at  base  62/Ax35fi ;  underleaves  0.4""x0.45""  ;  cells  at 
middle  of  lobe  of  underleaf  62/ax35/a. 

Oahu  (Heller)  ;  Nuuanu  (Cooke). 

Kaniia  cuspidata  is  a  smaller  plant  than  IT.  Tosana,  The  leaves 
are  cuspidate  or  obtuse,  never  bidentulate  ;  the  underleaves  are  more 
deeply  bifid,  and  their  lobes  are  never  truncate  or  bilobed. 

Kantia  bifurca  (Anst.)  Eyans. 

Calypogeia  bifurca  Aast.,  Proo.  Acad.  Nat.  Sci.  Phil.,  223,  1869. 
Kantia  bifurca  Evans,  Trans.  Conn.  Acad.,  viii,  256,  1892. 

Plate  IX;  figures  1-10. 

Autoicous  :  plants  small,  scattered,  pale  green  :  stems  pale  green, 
slender,  weak,  prostrate,  ascending  at  the  tip,  often  gemmiparous, 
rarely  branching  except  at  the  base,  attenuate  or  blunt,  oval  in  sec- 
tion, about  7  by  5  cells,  ventral  surface  more  convex  than  the 
dorsal,  cortical  cells  (in  about  12  rows)  subquadrate,  thin-walled, 
dorsal  cells  slightly  larger  than  ventral,  interior  cells  polygonal,  thin- 
walled  ;  a  row  of  large  elongated  cells  is  found  on  each  side  of  the 
stem  where  the  bases  of  the  leaves  are  attached  ;  branches  similar  to 
stem,  more  often  attenuate  ;  rhizoids  borne  in  clusters  at  the  base  of 
the  underleaves:  leaves  tender,  alternate,  spreading,  obliquely 
inserted,  imbricated  or  approximate,  becoming  distant  on  atten- 
uated stems  or  branches,  decurrent  postically  to  about  the  middle  of 
the  next  leaf,  antical  base  arching  halfway  over  the  stem,  broadly 
ovate,  apex  truncate-bifurcate  or  bidentulate,  lobes  spreading,  tri- 
angular, acuminate,  1  or  2  cells  broad,  3  or  4  cells  long,  ending  in  a 
row  of  2  or  3  c«lls ;  sinus  separating  teeth  lunate  :  leaf -cells  at 
apex  subquadrate  with  slightly  thickened  walls,  at  middle  of  base 
oblong-polygonal  with  thin  walls,  at  margin  elongated,  with  slightly 
thicker  walls  than  interior  cells :  underleaves  distant,  minute,  deeply 
bifid  to  within  a  single  cell  of  the  base,  which  is  5  or  6  cells  broad, 
each  lobe  bearing  a  single  tooth  on  its  outer  margin,  spreading, 
subulate,  2  cells  broad,  4  or  6  cells  long,  ending  in  a  row  of  3  or  4 
cells,  the  lateral  tooth  composed  of  1  or  2  cells  ;  underleaf-cells 
with  slightly  thickened  walls  :    5  and  ?  flowers  borne  on  very  short 
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branches,  singly  or  in  groups  o'f  2  to  5  from  the  axils  of  consecative 
nnderleaves,  rarely  2  sexual  branches  borne  from  the  axil  of  the 
same  underleaf ,  in  such  a  case  both  being  of  the  same  sex ;  $  bracts 
2  or  3  pairs,  much  smaller  than  the  leaves,  innermost  bracts  ovate, 
unequally  bifid  to  the  basal  row  of  cells,  slightly  verruculose,  lobes 
subulate,  connivent;  bracts  of  second  row  larger,  one-third  the  size 
of  leaves,  ovate,  with  a  single  marginal  tooth,  bifid  about  three- 
fourths,  lobes  spreading  or  connivent,  sometimes  unequal ;  bracteoles 
similar  to  bracts;  perigynium  undeveloped:  ^bracts  2  to  4  pairs, 
concave  to  subcomplicate,  ovate,  bifid  about  one-half,  lobes  incurved, 
subulate,  spreading. 

Stems  0.18"""  in  breadth  ;  leaves  0.65°"x0.6™"  ;  leaf-cells  at  apex 
55^x45fi,  at  middle  of  base  6t)fix30fi,  at  margin  (near  base)  80fxx20fi\ 
large  lateral  cells  of  stem  l05fix60fjL\  ventral  cortical  cells  80/Ax25fi; 
$  bracts  of  second  row  0.45'""x0.3""  ;    l^  bracts  0.24™"x0.17'°™. 

Hawaiian  Islands  (Hillebrand).  Oahu  :  Pauoa  (Heller) ;  Nuuanu 
(Cooke).     Kauai :  Kilohana  (Cooke). 

Kantia  SuUivantii  (Aust.)  Underw.,  of  North  America,  agrees 
very  closely  with  the  Hawaiian  species.  It  differs,  however,  in  the 
following  characteristics:  the  teeth  of  the  leaves  are  usually  longer, 
broader  and  parallel,  and  are  separated  by  a  deeper  sinus;  the  terminal 
cells  of  the  leaf  are  smaller,  and  those  of  the  basal  margin  are  shorter 
and  broader,  all  the  leaf-cells  having  slightly  thicker  walls. 

Kantia  Baldwinii  (Aast.)  Evans. 

CaXypogtia  BcUdtoinii  Aust.,  Bot.  Gazette,  i,  82,  1875. 
Kantia  Baldwinii  Evans,  Trans.  Conn.  Acad.,  viii,  256,  1892. 
Kantia  rotundistipula  Steph.,  Ball,  de  THerb.  Boissier,  t,  846,  1897. 

Platb  IX ;  nauKES  11-17. 

Dioicous  (?)  :  plants  yellow-brown,  depressed,  caespitose  or 
scattered  among  other  bryophytes :  stems  slender,  simple  or  rarely 
branching,  sometimes  (very  rarely)  bearing  true  flagella,  prostrate, 
ending  obtusely  or  attenuated,  flagelliform  ;  flagella  short ;  rhizoids 
borne  in  clusters  at  the  base  of  the  underleaves  :  leaves  approxi- 
mate, imbricated  at  the  base,  apex  free,  obliquely  inserted,  obliquely 
ovate,  verruculose,  antical  base  arching  partly  over  stem,  postical 
base  decurrent,  antical  margin  dilated,  apex  subtruncate  or  rounded, 
sometimes  slightly  retuse :  leaf-cells  with  slightly  thickened  walls, 
trigones  minute :  underleaves  distant,  twice  as  broad  as  stem, 
broadly  ovate-subrotundate,  subcordate  at  the  base,  apex  retuse  ; 
underleaf-cells  similar  to  those  of  leaves:  $  bracts  arranged  in  2  rows. 
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minute ;  the  innermost  bracts  the  largest,  about  twice  the  size  of 
an  underleaf,  broadly  ovate,  denticulate,  apex  obtuse  ;  cells  verru- 
culose  ;  bracteoles  similar  to  bracts  but  narrower:  perigynium  unde- 
veloped. 

Stems  0.2'°"»  in  diameter;  leaves  0.7°^"»x0.6°"  to  0.9"^'"x0.7"™; 
underleaves  0.2°°*x0.4™°* ;  leaf -cells  at  apex  25^  at  middle  of  base 
55/£x30^  at  antical  margin  45fixl8/i ;  bracts  0.6"'°x0.45""*. 

West  Maui  (Baldwin).  Oahu  :  Konahuanui  (Cooke).  Hawaiian 
Islands  (Herb.  Spruce). 

K,  Baldwinii  is  very  close  to  K.  nephroBtipa  Spruce,  of  South 
America.  The  leaves  of  the  latter  are  more  densely  imbricated, 
longer  in  proportion  to  their  breadth,  the  apex  is  usually  crenulate, 
the  cells  have  thicker  cell-walls  which  are  not  verrucose,  and  the 
underleaves  are  broader  and  more  deeply  bifid. 

Compared  with  K,  coespitosa  Spruce,  of  South  AmeriQa,  JT.  Bald- 
loinii  has  the  following  differences  :  the  plants  are  smaller  ;  the 
stems  branching  much  less  frequently ;  the  leaves  are  smaller  and 
less  imbricated,  and  the  apex  not  so  rounded ;  the  leaf -cells  have 
thinner  cell-walls  and  smaller  trigones ;  the  underleaves  are  much 
smaller  and  broader  in  proportion  to  their  length. 

Odontoschisma  Dmnort.,  1885. 

Plants  medium-sized,  green,  sometimes  reddish,  rarely  white,  grow- 
ing in  broad,  flat  mats,  often  mixed  with  mosses  or  other  hepatics  : 
stems  strong,  subterete,  either  prostrate  or  arching  at  intervals 
and  free  from  the  substratum  ;  flagella  postical  or  terminating 
leafy  branches ;  leafy  branches  usually  postical,  similar  to  the 
stem  :  leaves  obliquely  to  nearly  longitudinally  inserted,  broadly 
ovate  or  suborbicular,  retuse  or  rarely  emarginate,  usually  concave 
and  entire  ;  cells  rather  small  to  minute,  isodiametric,  often  with  a 
verruculose  cuticle  :  underleaves  commonly  minute  and  soon  obso- 
lete :  $  inflorescence  cladogenous ;  bracts  bifid,  rarely  trifid  or 
quadrifid;  bracteoles  always  present;  perianth  large,  narrow,  mouth 
ciliate  to  denticulate:  capsule  cylindrical -oblong,  in  other  character- 
istics agreeing  with  that  of  Cephalozia :  androecium  postical,  small, 
amentiform,  colorless,  rarely  larger  and  terminal. 

Leaves  strongly  concave.  O.  subjulac€um. 

Leaves  slightly  concave,  more  often  spreading. 

Plants  rather  large;  leaves  longer  than  broad,  trigones  small  or  lacking. 

O,  Sandvicense. 
Plants  blender;  leaves  usually  broader  than  long,  trigones  large. 

0.  graeile. 
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Odontoschiwna  subjulaceum  Ansfc. 

Odaninichivma  svhjulaceum  Anst.,  Bull.  Torr.  Bot.  Club,  vi,  803,  1879. 
Junffermannia  eaudifera  TayL  Mb.,  ex  parte  ;  Anst.,  1.  c.  (as  synooiyin). 

Plate  X ;  fiourxb  10-26. 

Dioicous:  plants  small,  green,  or  reddish  near  the  apex,  growing 
in  dense  or  scattered  tufts  on  fallen  logs  or  on  the  ground:  stems 
simple,  rarely  branching,  short,  apex  ascending,  usually  attenuated 
and  gemmiparons ;  ilagella  borne  near  the  base  of  stems,  radiculose  ; 
rhizoids  scattered,  at  the  base  of  stems  or  on  the  flagella  :  leaves 
strongly  concave,  apex  arching  over  the  stem,  closely  imbricated, 
decreasing  in  size  on  the  attenuated  portions  of  stems  and  branches, 
broadly  ovate,  apex  entire,  rounded,  ventral  base  slightly  rounded, 
dorsal  base  not  decurrent ;  leaves  in  upper  part  of  gemmiparous 
branches  small,  spreading,  narrowly  ovate  from  a  broad  base,  margin 
irregularly  denticulate  :  leaf -cells  thin-walled,  with  large  sometimes 
confluent  trigones  and  stellate  cavities :  underleaves  rudimentary, 
minute,  distant,  usually  bifid,  near  the  base  of  branches  much  larger, 
unsymmetrically  ovate  or  ligulate,  obtuse  or  bidentulate;  on  gemmi- 
parous branches  similar  to  the  leaves:  cells  of  underleaves  thin-walled, 
with  or  without  very  small  trigones;  cells  of  underleaves  near  the  base 
of  branches  similar  to  those  of  leaves  :  gemmfe  oval,  composed  of  1  or 
2  cells:  $  bracts  in  2  or  3  pairs;  innermost  bracts  ovate  from  a  broad 
base,  bifid  from  one-fourth  to  two-thirds,  lobes  triangular-subulate, 
acute-acuminate,  often  denticulate,  innermost  bracteole  similar  to 
bracts,  but  with  shorter  and  more  rounded  lobes  ;  cells  of  bracts 
and  bracteole  elongated,  thin-walled,  trigones  small,  upper  marginal 
cells  verruculose:  5  bracts  in  4  to  6  pairs,  orbicular-ovate,  strongly 
concave,  unequally  bifid  one-third  to  one-fifth,  lobes  obtuse,  verru- 
culose at  the  apex. 

Stems  0.15""»  in  diameter;  leaves  O.e^^xO.SS™"  to  0.4""x0.38°™; 
leaf -cells  at  apex  24/iix23fi,  at  middle  of  base  32/iix35/A,  trigones  lO^i, 
cells  at  margin  21ftx25/A;  innermost  bracts  0.75°"x0.4°°*;  ^  bracts 
0.2°"x0.17"°',  rudimentary  underleaves  0.06°'"x0.05"°,  cells  24/ii. 

West  Maui  (Baldwin).  Hawaiian  Islands  (Bailey).  Oahu:  Nuuanu 
(Cooke).  Kauai:  Waimea  (Heller);  Kilohana,  Lihue,  Hanalei 
(Cooke). 

Odontoachistna  subjulaceum  differs  from  0.  Sphagni  (Dicks.) 
Dumort.,  of  Europe  and  North  America,  in  being  a  much  smaller 
plant  and  in  producing  numerous  gemmse  ;  its  leaves  also  are  not 
decurrent  ventrally  and  are  much  more  convex  with  stellate  cell- 
cavities  and  larger  trigones. 
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Odontoschisma  gracile  (Mitt.)  Steph. 

SpTiagnaeeetis  grxicilit  Mitt.;  Seemann,  FloTa  Vitiensis,  405,  1871. 
Odontosehisma  gracile  Steph.,  Boll,  de  VHerb.  Boissier,  y,  848,  1897. 

Plate  X ;  fioubes  1-9. 

Sterile  :  plant  brown  when  dry  :  stems  slender,  prostrate,  long, 
rarely  branching,  branches  often  attenuate,  flagelliform,  rarely  gem- 
miparous;  true  flagella  rarely  present,  borne  at  base  of  stems;  rhi- 
zoids  in  scattered  clusters  on  postical  surface  of  stem:  leaves  obliquely 
inserted,  plane  or  nearly  so,  slightly  imbricated  or  approximate, 
broadly  subrotund,  antical  base  rounded,  postical  base  sometimes 
very  slightly  decurrent:  leaf -cells  with  thin  walls,  very  large  tri- 
gones and  stellate  cavities:  underleaves  rudimentary,  distant,  minute, 
composed  of  2  to  4  cells,  underleaves  at  the  base  of  branches  larger, 
subligulate,  composed  of  7  to  10  cells;  cells  small,  walls  slightly 
thickened,  cavities  round  or  oval. 

Stems  0.1""  to  0.12"""  in  breadth;  leaves  0.4""x0.45"";  leaf-cells 
near  apex  25/iix27fi,  trigones  10/a,  cells  near  middle  of  base  45/iix27fi, 
trigones  13/a  ;  underleaves  at  base  of  branches  0.09""x0.045""  to 
0.09™"x0.06"°,  cells  24/a;  cells  of  rudimentary  underleaves  19 fi. 

Hawaiian  Islands  (Gaudichaud).  Known  only  from  the  type- 
material,  a  portion  of  which  is  preserved  in  the  Kew  herbarium. 

Odo7itoschisma  gracile  differs  from  O,  subjulaceum  in  being 
longer  and  more  slender;  its  leaves  also  are  smaller  and  less  imbri- 
cated, more  spreading,  broader  in  proportion  to  their  length  and 
with  the  postical  margin  much  more  curved  ;  the  leaf -cells  have 
much  larger  trigones,  and  those  at  the  base  are  longer  and  with 
narrower  and  more  stellate  cavities. 

Odozitoscliiszna  Sandvicense  (Angstr.)  Evans. 

SphagncBeetis  Sandvicensis  Angstr.,  Ofver.  At  Kongl.  Vet.  Akad.     FOrhandl., 

xxix  (No  4),  23,  1872. . 
Odontosehisma  Sandmcense  Evans,  Trans.  Conn.  Acad.,  viii,  256,  1892. 

Plate  XI. 

Dioicous  :  plants  green,  rarely  red,  loosely  csespitose :  stems 
appressed,  branching  irregularly,  apex  ascending,  obtuse,  sometimes 
gemmiparous,  rarely  flagelliform  ;  flagella  borne  at  base  of  stem  or 
branches  ;  rhizoids  borne  in  clusters  on  postical  surface  of  stems  or 
branches  :  leaves  slightly  concave,  obliquely  inserted,  ovate-subquad- 
rate,  apex  subtrunc{ite  or  rounded;  verruculose,  postical  base  slightly 
rounded,  antical  base  not  decurrent,  leaves  on  attenuated  gemmi- 
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parous  branches  small,  ovate  from  a  broad  base,  acate  or  obtuse: 
leaf -cells,  at  apex  and  along  margin  oblong-quadrate,  tbin<walled,  per- 
pendicular to  edge,  cell-cavities  with  slightly  rounded  corners,  tri- 
gones minute,  cell-cavities  sometimes  slightly  stellate  with  small 
trigones,  cells  in  middle  and  at  base  thin- walled  with  cavities  irreg- 
ular or  rounded  and  trigones  minute  or  small :  underleaves  minute, 
rudimentary,  consisting  of  a  few  cells  ;  on  gemmiparous  branches 
similar  to  leaves  ;  at  the  base  of  branches  well  developed,  broadly 
ovate,  obtuse  or  bifid  ;  cells  of  the  underleaves  thin-walled  with 
minute  trigones :  gemmae  oval,  composed  of  1  or  2  cells :  $  inflor- 
escence borne  on  a  short  branch;  $  bracts  in  3  or  4  rows;  innermost 
bracts  about  the  length  of  the  leaves  but  narrower,  ovate  from  a 
-broad  base,  upper  half  irregularly  denticulate,  apex  irregularly  bifid 
about  one-third,  lobes  ovate,  apiculate  or  subulate,  sometimes  cleft, 
irregularly  denticulate,  terminal  cell  verruculose;  innermost  bracteole 
similar  to  bracts,  but  less  deeply  bifid  :  perianth  fusiform,  usually 
curved,  terete  below,  irregularly  keeled  above,  3  or  4  cells  thick  at 
base,  2  cells  thick  to  near  the  middle,  1  cell  thick  above,  mouth 
irregularly  lobed,  lobes  dentate-laciniate,  lacinia)  sometimes  denticu- 
late, 2  or  3  cells  broad  ^t  base  and  ending  in  a  row  of  1  to  4  slightly 
verruculose  cells :  elaters  bispiral ;  spores  small,  round,  brownish 
yellow. 

Stems  0.15°'°'  to  0.18°"°  in  diameter;  leaves  0.9""x0.85°'°';  leaf -cells 
at  dorsal  margin  l7/iix22/ui,  near  apex  2lfji.x25fiy  at  middle  of  base  39/iiX 
28/A  ;  rudimentary  underleaves  0.05™°'x0.07"°'  ;  cells  of  underleaves 
at  base  of  branches  30/itx25/A  ;  perianth  2.5™°'x0.6""  to  3.0°'°'x0.8°'°'; 
innermost  bracts  l.l°'°'x0.4™™  ;  innermost  bracteole  0.9'°"x0.35°'°'; 
elaters  about  250/iixlO/ui;  spores  dfi, 

Hawaiian  Islands  (Andersson).     Oahu :  Nuuanu  (Cooke). 

Odontoschisma  Sandvicense  differs  from  O,  Sphagni  in  having 
gemmse  and  in  its  larger  leaves,  which  are  decurrent  antically;  the 
cells  at  the  base  of  the  leaves  are  also  larger.  From  0.  subjulaceum 
it  differs  in  its  larger  size  and  green  color  ;  the  leaves  are  larger, 
more  quadrate,  narrower  in  proportion  to  their  breadth,  more  spread- 
ing, and  less  concave  ;  its  cell-cavities  are  more  regular  in  outline, 
never  as  distinctly  stellate,  and  its  trigones  are  much  smaller. 

Gephalozia  Dnmort.,  1835. 

Plants  usually  small,  sometimes  minute,  rarely  large  or  robust, 
branches  usually  postical,  rarely  lateral :  leaves  succubous,  rarely 
transversely  inserted,  more  or  less  concave,  often  bilobed  or  subcom- 
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plicate,  margins  never  reflexed,  entire  or  denticulate  :  underleaves 
much  smaller  than  leaves,  in  some  species  partly  or  wholly  lacking: 
dioicouSy  autoicous  or  paroicous :  $  inflorescence  usually  borne  on 
a  short  branch,  rarely  terminal  on  a  vegetative  branch,  sometimes 
variable  in  position  in  the  same  species;  bracts  in  about  3  rows, 
bilobed  (rarely  trilobed  or  quadrilobed),  often  connate,  yet  free 
from  the  perianth  ;  bracteoles  always  present :  archegonia  about  20, 
rarely  fewer :  perianth  elongated,  usually  trigonous,  rarely  5-  or 
6-keeled,  mouth  variously  laciniate  to  denticulate,  rarely  entire; 
calyptra  free,  surrounded  at  the  base  by  the  sterile  archegonia:  cap- 
sule more  or  less  oblong,  walls  2  cells  thick,  cells  of  the  inner  layer 
furnished  with  semiannular  thickenings;  elaters  long,  bispiral ;  spores 
minute,  about  the  diameter  of  the  elaters,  smooth  or  verruculose  : 
androBcium  amentiform,  usually  occupying  a  short  postical  branch,  or 
intercalary  on  a  main  branch  ;  bracts  in  several  pairs,  bifid,  monau- 
drous. 

Stems  weak,  poetically  branched  ;  cortical  cells  larger  than  interior ;  leaves 
more  or  less  obliqnely  inserted ;  bracts  not  connate  or  only  slightly  so. 
Plants  rather  large ;  leaves  approximate  or  slightly  imbricated  ;  month  of 

perianth  laciniate  ;  aatoicons.  C.  Sandfoictnui*, 

Plants  minote ;  leaves  distant ;  month  of  perianth  ciliate ;  paroicons. 

C,  Baldwinii. 
Stems  rigid,  sometimes  laterally  branched ;  cortical  cells  similar  to  interior ; 
leaves  transversely  inserted  ;  bracts  connate. 
Innovations  lacking;  leaf -cells  with  much  thickened  walls;  $  inflorescence 

cladogenons  ;  innermost  bracteole  not  bifid.  C.  Kilohanensis, 

Innovations  present;  leaf -cells  with  slightly  thickened  cell-walls;  inflo- 
rescence acrogenons  or  cladogenons ;  innermost  bracteole  bifld. 
Underleaves  lacking ;  leaf-cells  at  margin  12/ixlO/i.  C.  Lilce, 

Underleaves  present ;  leaf-cells  at  margin  20axl6/i.         C.  heteroica. 

Subgenus  Eucephalozia  Spmce,  1882. 

Plants  variable  in  size,  green,  rarely  yellow,  sometimes  reddish: 
stems  mostly  weak  or  fragile,  rarely  rigid,  simple  or  sparingly  branch- 
ing ;  branches  more  or  less  postical,  sometimes  flagelliform :  leaves 
obliquely  inserted,  often  somewhat  broader  than  long,  concave  or 
subcomplicate,  margin  entire,  apex  bifid:  cells  as  a  rule  large,  pel- 
lucid, quadrate-hexagonal  or  quadrate,  smooth  :  underleaves,  when 
present,  entire  or  bifid  :  monoicous  or  dioicous  :  $  inflorescence  in 
some  species  constantly  cladogenons  or  acrogenous,  in  others  varia- 
ble in  position ;  bracts  rather  large,  2-  to  4-lobed,  entire  or  often 
dentate,  spinulose  or  incised ;   bracteoles  always  present ;   perianth 
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fasiform,  sometimeB  almost  linear,  trigonous,  moatb  constricted, 
denticulate,  setulose,  ciliate  or  laciniate:  capsule  more  or  less  oblong: 
androecium  spicate  or  amentiform,  variable  in  position,  rarely  bypo- 
genons ;  ^  bracts  similar  to  $  bracts  but  smaller. 


Gephalozia  SandvicenslA  (Mont.)  Spmoe. 

Jungermannia    Sandvicenids   Mont.,  Ann.  des  Sc.  Nat.  11,  xix,  249,  1843. 

Voyage  de  la  Bonite,  Botaniqne,  i,  269;  atlas,  pi.  CXLVI,  fig.  1, 1846. 
Jungermannia  eroBsifolia  lindenb.  &.  Gottaohe  ;  Q.  L.  &  N.,  Syn.  Hep.,  685, 

1847,  aooording  to  Spraoe. 
Cephaloxia  connivena  Anst.,  Bull.  Torr.  Bot.  Clnb,  y,  15,  1874  (not  Oephalozia 

connivens  (Dicks.)  Dnmort.). 
BUpharostoma  Scmdvicense  Trevis.,  Mem.  reale  Ist.  Lomb.  di  Sci.   e  Lett., 

m,  iy,  417,  1877. 
Cqahaiozia  Sandvioensis  Spraee,  On  Cephalozia,  46,  1882. 
0€]^uUozia  multiflora  Eyans,  Trana.  Conn.  Acad,  yiii,  266, 1892  (not  Cephaloiia 

mtUti/lora  Spmce). 

PlatbXII. 

Antoicous :  plants  depressed,  pale :  stems  colorless,  sparingly 
branched,  branches  blunt  or  attenuated,  stems  oval  in  section,  about 
6  by  5  cells,  the  ventral  surface  more  rounded  than  the  dorsal;  interior 
cells  with  thickened  walls,  cortical  cells  in  10  to  12  rows,  those  of 
the  dorsal  surface  about  three  times  as  large  as  those  of  the  ventral; 
rhizoids  scattered  on  the  ventral  surface  of  the  stem,  long,  colorless: 
leaves  slightly  imbricated  at  the  base  or  approximate,  almost  longi- 
tudinally inserted,  spreading  or  slightly  concave,  antical  base  decur- 
rent,  broadly  ovate,  unequally  bifid  (about  one-half),  lobes  subulate, 
spreading  or  connivent,  postical  lobe  broader,  with  outer  margin 
more  dilated,  3  to  5  cells  broad,  4  or  5  cells  long,  usually  ending 
in  a  row  of  2  or  3  cells,  antical  lobe  about  3  cells  broad  (rarely  2  or 
4),  4  or  5  cells  long,  ending  in  a  row  of  2  or  3  cells:  cell -walls  thin, 
comers  rounded,  trigones  very  small:  underleaves  wanting:  $ 
inflorescence  borne  on  a  short  branch;  $  bracts  usually  in  3  pairs; 
innermost  bracts  ovate,  deeply  bifid  (about  two-thirds),  the  lobes 
usually  unequally  cleft,  the  outer  division  much  the  smaller,  some- 
times with  supplementary  divisions  or  subequally  4  or  5  lobed,  the 
inner  lobes  subulate,  8  to  10  cells  long  and  about  4  cells  broad,  end- 
ing in  a  row  of  2  to  4  cells,  outer  lobes  2  to  8  cells  long;  innermost 
bracteole  similar  to  bracts,  scarcely  connate  with  them,  the  lobes 
usually  less  deeply  cleft;  bracts  of  second  row  shorter,  deeply  lobed 
(about  one-half),  sometimes  with  subdivided  lobes  ;  perianth  usually 

Travs.  Cow.  Acad.,  Vol.  XII.  8  Mat,  1904. 
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curved,  fusiform,  1  cell  thick,  3-keeled  above,  terete  below,  mouth 
contracted,  about  12-laciniate-ciliate,  lacinise  with  denticulate  bases, 
10  to  12  cells  long,  3  to  0  cells  broad,  ending  in  a  row  of  4  to  6  cells: 
^  spike  a  short  postical  branch,  sometimes  terminal  or  intercalary  on 
a  main  branch;  bracts  in  4  to  8  pairs,  imbricated,  concave  or  subcom- 
plicate,  broadly  ovate,  bifid  (about  one-half),  lobes  equal,  spreading, 
acute  or  acuminate,  about  4  cells  broad,  4  or  5  cells  long,  ending  in  ar 
row  of  2  or  3  cells ;  sinus  separating  lobes  subacute  ;  bracteoles 
minute,  linear-subulate,  3  or  4  cells  long,  1  to  3  cells  broad :  cells  thin- 
walled:  capsule  oval,  purplish  brown;  spores  round,  brownish  with 
minutely  verruculose  wall ;   elaters  blunt. 

Stems  0.15"™  in  diameter;  leaves  0.35"™x0. 3°*";  leaf-cells  at  mar- 
gin 52/ix40/ui,  at  middle  59/iix41/i,  at  base  59/ix65/i;  innermost  bracts 
l.l°"»x0.56"";    bracteole    1.0"°'x0.5"° ;    perianth    2.8°"x0.6'"°;    6 
bracts  0.23°"x0.22°°;  spores  12/i;  elaters  180/iXl2/ti. 

Hawaiian  Islands  (Gaudichaud).  Oahu  (Mann  and  Brigham); 
Nuuanu  (Cooke).  The  writer  has  had  the  privilege  of  examining 
the  type-specimens  in  the  Montague  herbarium. 

Compared  with  C,  lunulaefolia  Dumort.  (=:  C,  muUiflora)y  of 
Europe,  North  America  and  Asia,  there  are  the  following  differences: 
the  Hawaiian  species  is  monoicous  while  the  other  is  dioicous,  the 
leaves  of  C,  Sandvicensis  are  less  orbicular  and  much  more  deeply 
bifid,  the  perianth  is  1  cell  thick  throughout,  and  its  mouth  is 
laciniate  instead  of  being  dentate. 

C,  iSandvicenBis  is  very  close  to  C.  connivens  in  its  vegetative 
characters,  but  its  sexual  characters  differ  somewhat.  In  the  former 
the  lobes  of  the  bracts  are  much  shorter  and  are  neither  dentate  nor 
denticulate,  in  the  latter  species  the  bracteole  is  much  more  connate, 
the  mouth  of  the  perianth  is  more  deeply  laciniate  in  the  Hawaiian 
species. 

C.  forficata  Spruce,  of  tropical  America,  agrees  most  closely  with 
our  species,  but  is  dioicous  ;  in  C.  Sandvicensis  the  leaves  are  more 
deeply  bifid,  with  a  more  or  less  acute  sinus;  in  C.  forficata  the 
lobes  are  narrower  and  are  separated  by  a  lunate  sinus.  Spruce  in 
his  comparison  between  C.  Sandvicensis  and  C,  forficata  uses  the 
words  '^  fere  constanter  strictis  (nee  conniventibus) ''  as  a  character- 
istic of  C.  Sandvicensis.  The  writer  has  found  a  great  variation 
in  the  position  of  the  apices  of  the  lobes  ;  on  the  same  stem  leaves 
can  be  found  with  the  lobes  overlapping,  connivent,  parallel  or 
spreading. 


of  the  Tnbe  TriffonarUhecB.  35 

Cephalozia  Baldwinii  sp.  noY. 

Plate  XIII;  fiqures  1-9. 

Paroicoas:  plants  minute,  pale  green,  scattered  among  other 
bepaticae  :  stems  very  slender,  pale  green  or  colorless,  rarely  branch- 
ing from  the  postical  surface,  5  or  6  cells  in  diameter,  cortical  cells 
(in  about  9  longitudinal  rows)  much  larger  than  internal  celU, 
the  latter  with  uniformly  thickened  walls ;  rhizoids  longf,  colorless, 
in  scattered  clusters  on  the  postical  surface  :  leaves  distant,  minute, 
subtransversely  inserted,  slightly  spreading,  ovate,  unequally  bifid 
(about  two-thirds),  the  antical  lobe  longer  and  narrower  than  the 
postical;  lobes  subulate,  spreading,  connivent  or  overlapping,  antical 
lobe  2  or  rarely  3  cells  broad,  generally  4  cells  long,  ending  in  a  row 
of  2  or  3  cells,  postical  lobe  3  or  4,  rarely  2,  cells  broad,  usually  4  cells 
long,  ending  in  a  row  of  2  cells  of  in  a  single  cell ;  sinus  obtuse  or 
rounded :  underleaves  wanting :  leaf-cells  small,  cell-walls  thin, 
colorless,  trigones  lacking  :  $  inflorescence  borne  on  a  short  postical 
branch ;  9  bracts  reduced  to  a  single  pair,  broadly  ovate,  deeply 
bifid  (about  one  third),  bearing  a  short  lateral  tooth,  lobes  triangular 
acute,  sinus  obtuse ;  bracteole  ovate,  bifid,  lobes  triangular,  acute ; 
perianth  cylindrical,  without  distinct  keels,  1  cell  thick,  mouth  con- 
tracted, ciliate,  cilia  1  or  2  cells  long  :  S  bracts  hypogynous,  in  2  or 
3  pairs  concave,  appressed  to  stem,  ovate,  bifid,  lobes  triangular, 
acute,  sinus  acute  or  obtuse. 

Stems  0.75*°™  in  diameter ;  cortical  (antical)  cells  54/iix21/i;  leaves 
O.lS'^^^'xO.I"";  leaf -cells  at  middle  25/itxl9/i,  at  postical  margin 
24/ixl5/i ;  innermost  bracts  0.4°'™x0.35"™  ;  bracts  of  second  row 
0.4'»"x0.3"°* ;  perianth  l.l""x0.4°". 

West  Maui  (Baldwin),  creeping  over  Lepidozia  Sandvicenais. 

This  species  was  found  among  some  hepatics  collected  by  Baldwin 
in  1875.  Unfortunately  only  a  single  well  developed  perianth  and 
two  or  three  young  flowers  could  be  found.  The  younger  stages 
show  conclusively  that  the  species  is  paroicous.  (7.  Baldwinii 
is  intermediate  between  Spruce's  Eucephalozia  and  CephalozieUa^ 
with  a  larger  number  of  characters  in  favor  of  the  former  subgenus. 

Spruce  mentions  only  two  paroicous  species  of  Cephalozia^  C, 
Jackii  Limpr.  and  C,  myriantha  Lindb.,  of  Europe,  both  of  which 
belong  to  Cephaloziella,  C.  leucantha  Spruce,  of  northern  regions, 
is  nearest  to  the  Hawaiian  species  but  differs  in  its  more  distant 
and  more  deeply  bifid  leaves,  with  narrower  unequal  lobes,  in  its 
dentate  bracts,  and  in  its  dioicous  inflorescence. 
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Subgenus  Gephaloziella  Sprace,  1882. 

Plants  small  or  minute,  often  mixed  with  mosses  or  other  hepatics: 
stems  nsnally  robust,  cortical  and  interior  cells  similar,  in  many 
subrhizomatous  at  the  base,  bearing  flagella ;  leafy  branches  postical 
or  more  rarely  lateral :  lower  leaves  succubous,  upper  leaves  crowded, 
transversely  inserted,  rarely  exceeding  the  stem  in  breadth,  often 
cuneiform,  bifid  one-half  or  more,  carinate,  segments  subcomplicate 
or  diverging,  entire  or  subdenticulate,  rarely  spinulose  :  cells  small 
or  minute,  subquadrate  :  underleaves  (when  present)  small,  entire  or 
bifid,  sometimes  present  or  lacking  in  the  same  species  :  9  inflores- 
cence acrogenous,  cladogenous,  or  variable  in  position  ;  bracts 
rather  large,  bilobed,  lobes  denticulate  or  spinulose ;  bracteoles 
always  present,  connate  with  the  bracts  ;  perianth  narrow,  rarely 
only  3-keeled,  often  3-  to  6-keeled^n  the  same  species,  mouth  den- 
ticulate, rarely  ciliate:  androBcium  borne  on  stems  or  larger  branches, 
intercalary  or  terminal,  rarely  amentiform  ;  bracts  similar  to  stem- 
leaves,  rarely  smaller. 

Cephalozia  LilflB  sp.  noy. 

Plate  Xm ;  figubzs  10-20. 

Dioicous  ?  plants  scattered,  pale  green :  stems  pale  green  or  nearly 
colorless,  branching  postically,  oval  in  section,  about  5x7  cells,  walls 
slightly  uniformly  thickened,  internal  and  cortical  cells  similar,  the 
latter  in  about  18  longitudinal  rows,  rhizoids  long,  colorless,  scattered 
at  the  base  of  the  stem  or  branches  :  leaves  distant,  obliquely-trans- 
versely  inserted,  widely  spreading,  slightly  concave,  ovate  or  sub- 
quadrate,  equally  bifid  (about  one-half),  lobes  entire,  spreading 
triangular,  acute,  about  7  cells  long,  5  cells  broad,  usually  ending  in  a 
row  of  two  cells;  leaf -cells  with  slightly  uniformly  thickened  walls: 
underleaves  wanting:  $  inflorescence  borne  on  main  stem  or  branch, 
often  having  innovations;  $  bracts  in  one  or  two  pairs;  innermost 
bracts  broadly  ovate,  bifid  (about  one-third),  lobes  triangular,  acute, 
spreading  irregularly  denticulate;  sinus  acute;  innermost  bracteole 
shorter  than  bracts,  highly  connate  on  both  sides,  ovate,  apex 
rounded,  denticulate  or  bifid  (about  one-fifth),  lobes  apiculate,  dentic- 
ulate, sinus  obtuse;  bracts  of  second  row  smaller,  broadly  ovate,  bifid 
(about  one-third):  perianth  ovoid -cylindrical,  unistratose,  terete 
below,  many  keeled  above,  mouth  slightly  contracted,  irregularly 
lobed,  lobes  denticulate. 
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Stems  0.06""  in  diameter;  leaves  0.1 2"" xO.  11°"°;  leaf-cells  at  mar- 
gin 12/iXlO/ui,  at  middle  and  base  lY/x;  innermost  bracts  0.32""x0.24""; 
innermost  bracteole  0.2""x0.1"";  perianth  0.35""x0.2™. 

Oaba :  Nuuanu  (Cooke). 

This  species  is  the  smallest  Cephalozia  reported,  so  far,  from  the 
Hawaiian  Islands.  It  was  found  scattered  among  other  hepaticse. 
It  is  rather  close  to  (7.  elachista  Jack,  of  Europe.  The  leaves  of  the 
Hawaiian  species  are  less  deeply  bifid  and  the  leaf-cells  are  smaller 
with  thicker  cell-walls.  The  Hawaiian  species  is  probably  dioicous 
as  no  male  spikes  were  found,  while  (^  elachista  is  monoicous  and 
its  perichsetial  bracts  are  blunter  and  less  denticulate. 

Cephalozia  Kilohanensis,  sp.  nov. 

Plate  XIV. 

Autoicous  :  plants  minute,  csespitose,  reddish  brown  :  stems  pros- 
trate, light  brown,  sparingly  branched  from  the  postical  surface, 
about  5  cells  in  diameter,  internal  and  cortical  cells  similar,  the 
latter  in  about  12  longitudinal  rows ;  rhizoids  numerous,  scattered 
on  the  lower  surface  of  the  stem  :  leaves  near  the  apex  of  the  stem 
imbricated,  almost  transversely  inserted,  concave,  assurgent,  sub- 
quadrate,  broadly  ovate,  bifid  (about  one-half),  lobes  entire,  spread- 
ing, 6  to  10  cells  long,  4  to  7  cells  broad,  triangular-ovate,  apex  acute 
to  obtuse;  sinus  usually  obtuse:  leaf -cells  with  much  thickened  walls, 
trigones  lacking  or  minute  :  underleaves  wanting :  $  inflorescence 
borne  on  a  short  postical  branch ;  bracts  in  3  to  6  pairs ;  inner- 
most bracts  similar  to  the  leaves  but  from  2  to  3  times  as  large, 
broadly  ovate,  bifid  (one-third  to  one-half),  lobes  unequal,  the  posti- 
cal the  larger,  acute  or  obtuse,  sinus  separating  lobes  acute  or  obtuse, 
margin  entire  or  nearly  so;  innermost  bracteole  narrowly  ovate,  con- 
nate on  one  or  both  sides,  apex  acute,  obtuse  or  bifid,  when  bifid  the 
lobes  are  unequal,  triangular,  acute;  other  bracts  similar  but  smaller 
than  innermost  bracts  ;  other  bracteoles  narrowly  ovate,  acute  or 
obtuse,  slightly  connate  on  one  or  both  sides :  perianth  cylindrical, 
terete  below,  obtusely  keeled  near  the  apex,  1  cell  thick,  upper 
third  hyaline,  mouth  contracted,  irregularly  denticulate  :  S  spike 
usually  occupying  a  short  postical  branch  ;  $  bracts  in  5  to  10 
pairs,  similar  to  leaves,  closely  imbricated,  concave,  unequally  bifid, 
lobes  ovate,  obtuse,  entire  ;  S  bracteoles  rudimentary,  minute,  ligu- 
late;  cells  of  bracteole  small  subquadrate;  antheridia  borne  singly: 
spores  minute,  round,  purplish,  verruculose ;  elaters  blunt ;  bispiral. 
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Stems  0.08°*™  in  diameter  ;  leaves  O.lS^^xO.lS"^"*  to  0.3'*'"x0.28"°»; 
cells  of  stem  16fi  in  diameter  ;  leaf -cells  at  margin  19/iXl6/A,  at  base 
24/uixl8/it;  innermost  bracts  0.35"°»x0.3°™,  bracteole  0.35°»"x0.15°»"  ; 
perianth  0.95"™x0.4"'"  ;  $  bracts  0.25"°*x0. 2?™;  spores  9/it ;  elaters 
about  IQO fixdfi, 

Kauai :  Kilobana  (Cooke),  growing  on  the  ground. 

This  species  resembles  C,  exiliflora  (Tayl.)  Trevis.  at  first  sight 
but  differs  in  a  large  number  of  important  characters.  The  Hawaiian 
species  is  autoicous  while  the  New  Zealand  species  is  dioicous,  the 
leaves  of  the  former  are  larger,  and  more  imbricated  near  the  apex, 
the  walls  of  the  leaf -cells  are  slightly  thicker,  the  6  and  $  organs 
are  not  acrogenous  but  are  borne  on  postical  branches,  and  lastly  the 
perichsetial  bracts  are  not  denticulate. 

Cephalozia  heteroica  sp.  dot. 

Plate  XV. 

Heteroicous  :  plants  green,  loosely  csespitose  :  stems  subsimple 
or  branching  from  the  postical  aspect,  prostrate  at  the  base,  apex 
ascending,  circular  in  section,  about  6  cells  in  diameter,  internal  and 
cortical  cells  similar,  with  slightly  thickened  walls,  the  latter  in  about 
15  longitudinal  rows ;  rhizoids  colorless,  scattered  on  the  ventral 
surface:  leaves  distant,  transversely  inserted,  squarrose,  somewhat 
concave,  subquadrate,  bifid  more  than  one-half,  lobes  spreading, 
ovate,  acute,  entire,  separated  by  an  obtuse  sinus,  about  7  cells  long, 
4  or  5  cells  broad  :  leaf-cells  with  uniformly  thickened  walls,  cell-cavi- 
ties sometimes  rounded,  trigones  minute  or  lacking  :  underleaves 
very  small,  about  4  cells  broad  at  base,  variable  in  form,  lanceolate- 
ovate  to  broadly  quadrate,  apices  acute,  obtuse  or  bifid,  wdth  unequal, 
acuminate  to  obtuse,  spreading  to  connivent  lobes;  cells  of  the  under- 
leaves small,  with  uniformly  thickened  walls  :  $  inflorescence  usually 
borne  on  the  main  stem,  with  a  sterile  or  floriferous  innovation, 
sometimes  on  a  short  postical  branch ;  bracts  in  2  or  3  pairs;  innermost 
bracts  broadly  ovate  to  broadly  quadrate,  bifid  (one-fourth  to  one- 
third),  lobes  triangular,  acute,  denticulate  ;  innermost  bracteole  sub- 
orbicular,  connate  on  both  sides,  bifid,  lobes  triangular,  acute, 
denticulate  ;  bracts  of  second  row  broadly  ovate,  bifid  (about  one- 
third),  lobes  triangular-ovate,  acute,  spreading,  slightly  denticulate  ; 
bracteole  of  second  row  connate  on  both  sides,  ovate,  bifid  (about 
one-third),  sometimes  quadrified,  lobes  ovate,  acute,  slightly  denticu- 
late :  perianth  broadly  fusiform,  terete  below,  bluntly  three-keeled 
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above,  mouth  slightly  contracted,  irregularly  lobed,  lobes  denticu- 
late ;  innovations  lateral  or  postical,  arising  just  below  the  second 
bracteole  or  from  the  axil  of  a  bract :  andrcecium  borne  just  below 
the  female  flower  or  intercalary  on  a  vegetative  branch  ;  ^  bracts 
in  3  to  10  pairs,  imbricated,  suberect,  slightly  concave,  about  twice 
the  size  of  the  leaves  of  the  vegetative  branches,  bifid  (about  one- 
half),  lobes  broadly  ovate-triangular,  acute,  widely  spreading,  sinus 
broadly  lunate  ;  bracteoles  ovate,  bifid  (about  three-fourths),  lobes 
subulate,  parallel ;  antheridia  borne  singly. 

Stems  0.08"™  in  diameter;  leaves  0.15°*™x0.16"*™  ;  leaf -cells  at 
margin  19/iXl6/ii,  at  middle  of  base  20/ii ;  innermost  9  bracts 
0.45°°*x0.6'°'"  ;  innermost  bracteole  0.38™°*x0.4'"™,  $  bracts  of  second 
row  0.45°*"x0.5"™  ;  bracteole  of  second  row  0.35°'"*x0.3™°' ;  peri- 
anth 1.25""x0.45'»°*  ;    5  bracts  0.25">"x0.25'»". 

Kauai  ;  Kilohana  (Cooke),  growing  on  an  exposed  bank. 

This  species  varies  greatly  in  almost  every  character  pertaining  to 
the  male  and  female  flowers.  In  rare  instances  the  9  inflorescence 
is  borne  on  a  short  postical  branch  with  the  androecium  median 
between  the  9  bracts  and  the  main  stem.  Usually  the  9  inflor- 
escence is  borne  on  a  main  branch  or  an  innovation  and  sometimes 
as  many  as  three  or  four  floriferous  innovations  are  given  off  in  suc- 
cession. The  9  bracts  and  bracteoles  vary  greatly  both  in  size  and 
form.     The  underleaves  also  vary  greatly. 

C.  heteroica  is  nearest  to  Cephaloziella  Hebridensis  Steph.,  from 
the  New  Hebrides  Islands.^  This  species  differs  in  its  dioicous  inflo- 
rescence, in  its  carinate  leaves  with  acuminate  lobes,  in  its  smaller 
leaf-cells,  and  in  the  entire  mouth  of  its  perianth. 

1  Hedwigia,  xxxii,  816,  1893. 
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EXPLANATION  OF  PLATES. 

Plate  I. 

Lepidozia  australis  (Lehm.  &  Lindenb.)  Mitt.,  p.  5. — Fig.  1.  Part  of  stem,  pos- 
tical  view,  x80. — Fig.  2.  Part  of  stem,  antical  view,  x  80. —Fig.  3.  Leaf 
snbtending  bract,  x  80.— Fig.  4.  Cells  of  tooth  of  leaf,  x  270.— Fig.  5.  Cells 
at  middle  of  nnderleaf,  x  270.— Fig.  6.  Perianth,  x  80. —Fig.  7.  Innermost 
5  bract,  x  30.— Figs.  8-10.  Consecutive  $  bracts,  x  80. —Figs.  11-18.  Con- 
secative  $  bracteoles,  corresponding  to  Figs.  8-10,  x  80. — Fig.  14.  Apex  of 
perianth,  x  200.— Fig.  15.  $  bract,  x  80.— Fig.  16.  6  bracteole,  x  80.  All 
drawings  from  specimens  collected  by  Mr.  Baldwin  on  West  Maui  (No.  150). 

Plate  II. 

Lepidozia  Sandvicenais  Lindenb.,  p.  7. — Figs.  1,  2.  Leaves  of  main  stem,  x75. 
— Figs.  8-5.  Underleaves  of  main  stem,  x75. — Fig.  6.  Leaf  of  branch, 
X  75. — Fig.  7.  Underleaf  of  branch,  x  75.— Figs.  8-10.  Leaves  subtending 
branches,  x  75. —Fig.  11.  Cells  of  lateral  tooth  of  leaf,  x  195.— Fig.  12. 
Cells  of  lateral  tooth  of  underleaf,  x  195.  Drawings  from  specimens  col- 
lected by  Mr.  Baldwin  on  West  Maui  (No.  69). 

Lepidozia  Hawaica  Cooke,  p.  8. — Fig.  13.  Part  of  stem,  postical  view,  x  75. — 
Fig.  14.  Leaf,  x  265.— Fig.  15.  Underleaf,  x  265.— Fig.  16.  Perianth,  x80. 
Figs.  17-20.  Consecutive  bracts,  x75. — Fig.  21.  Apex  of  perianth,  xl05. 
—Fig.  22.  S  branch,  x  75. —Figs.  28,  24.  6  bracts,  x  75.  All  drawings 
from  the  type-specimens,  collected  by  the  writer  in  Nuuanu,  Oahu. 

Plate  III. 

Bazzania  cordistipula  (Mont.)  Trevis.,  p.  12. — Fig.  1.  Leaf,  x24. — Fig.  2. 
Underleaf,  x  24.— Fig.  3.  Part  of  stem,  antical  view,  xl2. — Fig.  4.  Leaf- 
cells  at  base  of  median  tooth,  x  215. — Fig.  5.  Leaf -cells  at  antical  edge, 
X  215.— Fig.  6.  Cells  at  middle  of  leaf,  x  215.— Fig.  7.  Cells  at  middle  of 
base  of  leaf,  x  215.— Fig.  8.  Perianth,  x  12.— Figs.  9-13.  9  bracts  in  order, 
x24. — Fig.  14.  Apex  of  perianth,  x80. — Figs.  1-7  drawn  from  specimens 
collected  by  Mr.  Baldwin  on  West  Maui  (No.  12) ;  Figs.  8-14  drawn  from 
specimens  collected  by  the  writer  on  Konahuanui,  Oahu. 

Bazzania  Sandvicensis  {Qottsche)  Steph.,  p.  14. — Fig.  15.  Leaf,  x24. — Fig.  16. 
Underieaf,  x  24. —Fig.  17.  Cells  of  median  tooth  of  leaf,  x  215.— Fig.  18. 
Cells  from  middle  of  leaf,  x2l5. — Fig.  19.  Cells  at  antical  edge  of  leaf, 
X  215.— Fig.  20.  Perianth,  x  12.— Fig.  21.  Apex  of  perianth,  x  62. —Fig. 
22.  Cells  of  perianth,  showing  intermediate  thickenings,  x  215.— Figs.  15-19 
drawn  from  type^pecimen ;  Figs.  20-22  drawn  from  specimens  collected  by 
Mr.  Baldwin  on  Molokai  (No.  212). 

Bazzania  Nuuanuensia  Cooke,  p.  15. — Fig.  23.  Part  of  stem,  postical  view,  x  12. 
—Fig.  24.  Part  of  stem,  antical  view,  x  12. — Figs.  25,  26.  Leaves,  x  24. — 
Figs.  27,  28.  Underleaves,  x  24.— Fig.  29.  Leaf-cells  at  apex,  x  215.— Fig. 
30.  Leaf-cells  at  middle  of  leaf,  x  215.— Fig.  31.  Leaf-cells  at  middle  of 
leaf  near  the  base,  x  215.  All  drawings  from  the  type-specimens,  collected 
by  the  writer  on  Oahu. 
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Plate  IV. 

Bazzania  Diderieiana  Steph.,  p.  15.— Fig.  1.  Leaf,  x  80. —Figs.  2,  8.  Under- 
leaveB,  x  80. — Fig.  4.  Cells  at  apex  of  leaf,  x  266. — Fig.  6.  Leaf-cells  at 
middle  near  base,  x  265. — Fig.  6.  Perianth,  x  15. — Fig.  7.  Ixmermoet  bract, 
X  80. — Fig.  8.  Innermost  bracteole,  x  80. — Fig.  9.  Apex  of  perianth,  x  75. 
M^g«.  10-18.  Aberrant  form.)— Fig.  10.  Leaf,  x  80.— Fig.  11.  Underleaf, 
X  80.— Fig.  12.  Leaf-cells  of  apical  tooth,  x  266.— Fig.  18.  Leaf-cells  of 
middle  near  base,  x265. — Figs.  1-9  drawn  from  type-specimens;  Figs. 
10-18  drawn  from  specimens  collected  by  the  writer  on  Lanihali,  Oahn. 

BcuBzania  emarginata  (Steph.)  Cooke,  p.  17.— Fig.  14.  Part  of  stem^  poetical 
Yiew,  X 16.— Figs.  15,  16.  Leaves,  x  80.— Figs.  17-19.  Underleaves,  x  80.— 
Fig.  20.  Cells  from  middle  of  leaf,  x  266.— Fig.  21.  Perianth,  x  15.— Figs. 
22-24.  Bracts  in  order,  x  80.— Fig.  25.  Apex  of  perianth,  x  75.— Fig.  26. 
6  bract,  x  80. — Fig.  27.  6  bracteole,  x  80.  All  drawings  from  specimens 
collected  by  the  writer  on  Konahnanni,  Oahn. 

Plate  V. 

BcuBzania  minuta  (Anst.)  Evans,  p.  19. — Fig.  1.  Part  of  stem,  x  16. — Figs.  2-6. 
Leaves  from  a  single  stem,  x  46.— Fig.  6.  Leaf,  x45. — Figs.  7-11.  Under- 
leaves, X  45.— Fig.  12.  Leaf-cells  at  apex  of  leaf,  x  286.— Fig.  18.  Leaf- 
cells  at  middle  of  leaf,  x  285.  All  drawings  from  specimens  collected  by 
Mr.  Baldwin  on  East  Mani  (No.  65). 

Bcuzania  Baldvnnii  Anst.,  p.  18.— Fig.  14.  Leaf,  x  82.— Figs.  16-18.  Under- 
leaves, X  82.— Fig.  19.  Leaf -cells  at  apex  of  leaf,  x  286.— Fig.  20.  Leaf-cells 
at  middle  of  leaf  near  base,  x  286.— Figs.  21,  22.  Leaves,  x  82.— Figs.  28-26. 
Underleaves,  x  82.— Fig.  26.  Leaf-cells  at  apex  of  leaf,  x  285.— Fig.  27. 
Leaf -cells  at  antical  edge  of  leaf,  x  285. — Fig.  28.  Leaf -cells  at  middle  of 
leaf  near  base,  x286. — Fig.  29.  Part  of  stem  with  male  branch,  x82. — 
Figs.  80-82.  Male  bracts,  x  82.— Fig.  38.  Male  bracteole,  x  82.— Figs.  14-20 
from  the  type-specimens,  collected  by  Mr.  Baldwin  on  West  Mam  (No.  199) ; 
Figs.  21-88  from  specimens  collected  by  Mr.  Baldwin  on  East  Maui  (No. 
281). 

Plate  VI. 

BcuBzania  patens  (Mont.)  Trevis.,  p.  20.— Figs.  1,  2.  Leaves,  x  26.— Figs.  3-7. 
Underleaves,  x  25. —Fig.  8.  Cells  of  median  tooth,  x  285.— Fig.  9.  Cells  at 
middle  of  leaf  near  base,  x  285.— Fig.  10.  Cells  in  the  middle  of  nnderleaf , 
X  285.  All  drawings  from  specimens  collected  by  the  writer  at  Kilohana, 
Island  of  Eanai. 

Bazzania  inoBqwOnliz  Steph.,  p.  21.— Fig.  11.  Part  of  stem,  poetical  view,  x  16. 

—Fig.  12.  Leaf,  x  82. —Figs.  13-18.  Apices  of  leaves  from  a  single  plant, 

x  82.— Figs.  19-22.  Underleaves,    x  32.— Fig.  28.    Cells  of  median  tooth, 

X  286.— Fig.  24.  Cells  from  middle  of  leaf  near  the  base,  x  286.— Fig.  25. 

Innermost  9  bract,  x  32.    All  drawings  from  the  type-specimens. 
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Plate  VII. 

Bazxania  Brighatni  (Aost.)  EvaiiB,  p.  22.— Fig.  1.  Part  of  stem,  x  82.— Figs.  2-7. 
Leaves,  x  32.— Figs.  8,  9.  Underleaves,  x  82. —Fig.  10.  Leaf,  x  82.— Figs. 
11, 12.  Underleaves,  x  82.— Fig.  13.  Cells  at  apex  of  leaf,  x  285.— Fig.  14. 
Cells  in  middle  of  leaf,  x  285.— Fig.  15.  Cells  in  middle  of  leaf  near  the 
base,  X  285.— Fig.  16.  Cells  in  middle  of  nnderleaf ,  x  285.— Fig.  17.  Peri- 
anth, xl6. — Fig.  18.  Innermost  $  bract,  x82. — Fig.  19.  Innermost  $ 
biftcteole,  x  82. — ^Fig.  20.  Part  of  stem,  showing  $  branch  borne  on  a  £agel- 
lorn,  X  32.— Figs.  21-24.  i  bracts,  x  85. —Fig.  25.  S  bracteole,  x  85.— Figs. 
2-9  drawn  from  specimens  dbllected  by  the  writer  at  Nnnann,  Island  of 
Oahn;  Figs.  1,  10-25  from  specimens  collected  by  the  writer  at  Eilohana, 
Kauai. 

Plate  VHI. 

Kantia  Tosana  Steph.,  p.  24. — Fig.  1.  Part  of  stem,  poetical  view,  xl4. — Fig. 
2.  Part  of  stem,  antical  view,  x  14. — Fig.  8.  Leaf,  x  28. — ^Figs.  4-6.  Under- 
leaves, x*28.— Fig.  7.  Cells  at  apex  of  leaf,  x  250.— Fig.  8.  Cells  at  apex 
of  nnderleaf,  x  250.  All  drawings  from  specimens  collected  by  writer  in 
Nnnann  Valley,  Oahn. 

Kantia  cuspidata  Steph,  f  p.  25. — Fig.  9.  Part  of  stem,  poetical  view,  xl4. — 
Fig.  10.  Part  of  stem,  antical  view,  x  14. —Fig.  11.  Leaf,  x  28. —Fig.  12. 
Underleaf,  x  28.— Fig.  13.  Cells  at  apex  of  leaf,  x  250.— Fig.  14.  Cells  at 
apex  of  nnderleaf,  x  250.  All  drawings  from  specimens  collected  by  Mr. 
Heller  at  Monoa,  Oahn. 

Plate  IX. 

Kantia  bifurca  (Anst.)  Evans,  p.  26. — Fig.  1.  Part  of  stem,  postical  view,  x  16. 

—Fig.  2.  Leaf,  x  32.— Fig.  3.  Underleaf,    x  215.— Fig.  4.  Cross  section  of 

stem,    x85. — ^Fig.  5.   Apex  of  leaf,    x215. — Fig.   6.  Innermost    9    bract, 

X  82.— Figs.  7-9.    $  bracts  of  second  row,    x  82.— Fig.  10.    S  bract,  x85. 

All  drawings  from  specimens  collected  by  the  writer  in  Nnnann,  Oahn. 

Kantia  Baldtoinii  (Anst.)  Evans,  p.  27. — Fig.  11.  Part  of  stem,  poetical  view, 
X 16.— Fig.  12.  Part  of  stem,  antical  view,  x  16.— Fig.  18.  Leaf,  x82.— 
Fig.  14.  Underleaf,  x  82.— Fig.  15.  Marginal  cell  at  apex  of  leaf,  x  400.— 
Fig.  16.  Cells  from  middle  of  leaf,  x  285.— Fig.  17.  Cells  at  apex  of  nnder- 
leaf, X  285.  All  drawings  from  specimens  collected  by  Mr.  Baldwin  on  West 
Man!  (No.  141). 

Plate  X. 

0donto9chi9ma  gracile  (Mitt.)  Steph.,  p.  80. — Fig.  1.  Part  of  stem,  postical  view, 
X  28.— Fig.  2.  Apex  of  flagellnm,  x  70. —Fig.  8.  Leaf,  x  28. —Figs.  4-7. 
Underleaves,  x  250.— Fig.  8.  Cells  at  apex  of  leaf,  x  250.— Fig.  9.  Cells 
from  the  middle  of  leaf,  x  250.     Drawings  from  type-specimens. 

Odontoschisma  subjulaceum  Anst.,  p.  29. — Fig.  10.  Portion  of  stem,  lateral  view, 
x28. — Fig.  11.  Apex  of  gemmiparons  branch,  x28. — Figs.  12,  13.  Leaves 
X  28. — Figs.  14-16.  Underleaves  at  base  of  branches,  x  100. — Fig.  17.  Under- 
leaf, x  250.— Fig.  18.  Cells  from  middle  of  leaf,  x  250.— Fig.  19.  CelU  of 
nnderleaf,  x  175.— Figs.  20-22.  Innermost  $  bracts,  x  57.— Fig.  23.  Inner- 
most $  bracteole,  with  Fig.  21,  x  57. —Fig.  24.  6  branch,  x  28.— Figs. 
25,  26.  S  bracts,  x  57.  Drawings  from  specimens  collected  by  Mr.  Baldwin 
on  West  Maui  (No.  233). 
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Plate  XI. 

OdontoKhitma  Sandvieenae  (Angstr.)  Evans,  p.  80. — Fig.  1.  Branch,  postioal 
view,  xl7. — Fig.  2.  Leaf,  x34.~Figs.  3,  4.  Underleayea  at  base  of 
branohes,  x70. — Fig.  6.  Underleaf,  x315. — Fig.  6.  Cella  at  apex  of  leaf, 
X  315.— Figs.  7, 8.  Cells  at  middle  of  leaf,  x  815. —Fig.  9.  Cells  from  the  mid- 
dle of  underleaf  at  base  of  branch,  x  315. — Fig.  10.  Perianth,  x  17. — Figs.  11, 
12.  Bracts,  x  34. —Fig.  18.  Bracteole,  x  34. —Fig.  14.  Apex  of  perianth, 
x  90.  Figs.  2,  6,  7  from  type-specimens ;  other  drawings  from  specimens 
collected  by  the  writer  in  Nnnann,  Oahn. 

PUkTE  XII. 

Cephalozid  SandvieenM  (Mont.)  Spruce,  p.  88.— Fig.  1.  Part  of  stem,  postical 
yiew,  with  perianth  and  male  branches,  x  30. —Figs.  2,  8.  Leaves,  x80. — 
Fig.  4.  Cells  of  leaf,  x  200.— Fig.  5.  Cross  section  of  stem,  x  200.— Figs.  6, 
7.  Innermost  bracts,  x  80. — Fig.  8.  Innermost  bract  and  bracteole,  corre- 
sponding to  Fig  7,  X  80.— Fig.  9.  Apex  of  perianth,  x  80.— Fig.  10.  Male 
bract,  x80. — Figs.  11,  12.  Male  bracteoles,  x200.  All  drawings  from 
specimens  collected  by  the  writer  on  Lanihnli,  Oahn. 

Plate  XIH. 

Cephalozia  Baldtnnii  Cooke,  p.  85. — Fig.  1.  Part  of  stem,  poetical  view,  x  84. — 
Fig.  2.  Leaf,  x  225. —Fig.  3.  Cross  section  of  stem,  x  225.— Fig.  4.  Peri- 
anth, X  84.— Figs.  5,  6.  Female  bracts,  x  48.— Figs.  7,  8.  Male  bracts,  x  48. 
Fig.  9.  Apex  of  perianth,  x225.  All  drawings  from  specimens  collected 
by  Mr.  Baldwin  on  West  Mani. 

Cephalozia  Like  Cooke,  p.  36. — Fig.  10.  Part  of  stems,  postical  view,  x  34. — 
Figs.  11,  12.  Leaves,  x  88. —Fig.  13.  Cells  of  leaf,  x  305.— Fig.  14.  Cross- 
section  of  stem,  X  225. — Fig.  15.  Part  of  stem,  with  perianth,  antical  view, 
x88. — ^Fig.  16.  Innermost  bract  connate  with  bracteole,  from  unfertilized 
flower,  x88. — Fig.  17.  Innermost  bract  and  bracteole,  x88. — Fig.  18. 
Innermost  bract,  x88. — Fig.  19.  Innermost  bracteole,  x  88. —Fig.  20.  Apex 
of  perianth,  x  805.  All  drawings  from  specimens  collected  by  the  writer  in 
Nuuanu,  Oahn. 

Plate  XIV. 

Cephalozia  Kilohanenais  Cooke,  p.  87. — Fig.  1.  Apical  part  of  stem,  postical 
view,  X  60. — Figs.  2,  8.  Lower  leaves,  x  80. — Fig.  4.  Upper  leaf,  x  80. — 
Fig.  5.  Cells  of  leaf,  x  270.— Fig.  6.  Cross-section  of  stem,  x  200.— Fig.  7. 
Perianth,  x  30. — Fig.  8.  Unfertilized  female  flower,  x  80. — Fig.  9.  Inner- 
most bracts  connate  with  bracteole,  x80. — Figs.  10, 11.  Innermost  bracts 
and  bracteole,  x  80. — Figs.  12,  18.  Bracts  and  bracteole  of  second  row,  x  80. 
— ^Figs.  14-18.  Consecutive  bracteoles  from  an  unfertilized  female  flower, 
X  80.— Fig.  19.  Apex  of  perianth,  x  200. —Fig.  20.  Male  branch,  x30.— 
Figs.  21-28.  Male  bracts,  x  80.— Fig.  24.  Male  bracteole,  x  200.  All  draw- 
ings from  the  type-specimens,  collected  by  the  writer  at  Kilohana,  Eaoai. 


1^ 


44  C.  M,  Cookej  Jr. — The  Sawaiian  SiepaticcB 

Plate  XV. 

Cephalozia  heteroiea  Cooke,  p.  88. — Fig.  1.  Part  of  stem,  poBtioal  view,  x  80. — 
Figs.  2-4.  Leayes,  x  80. — Figs.  5-16.  Underleaves  from  a  single  stem,  x  200. 
— Fig.  17.  Underleaf  from  a  second  stem,  x  200. — ^Figs.  18-20.  Underleayes 
from  a  third  stem,  x  200.— Fig.  21.  Cells  of  leaf,  x  270.— Fig.  22.  Cells  of 
underleaf,  x  270.— Fig.  28.  Cross-section  of  stem,  x  200.— Fig.  24.  Perianth, 
postical  yiew,  x  30. — ^Fig.  25.  Unfertilized  female  flower,  showing  innoya- 
tion,  x80. — ^Fig.  26.  Innermost  bract,   x80. — Fig.  27.  Innermost  bracteole, 

x80. — Fig.  28.  Bract  of  second  row  from  same  flower,  x80. — Fig.  29. 
Innermost  bract  and  bracteole,  x80. — Fig.  80.  Bract  jnst  below  innoya- 
tion,  X  80. —Fig.  31.  Apex  of  perianth,  x  270.- Figs.  82,  88.  Male  bracts, 

x80.-*Fig.  84.  Male  bracteole,  x200.  All  drawings  from  the  tjpe-speci- 
mens,  collected  by  the  writer  at  Kilohana,  Kanai. 


II, — The  Bermuda  Islands.  Part  IV. — Geology  and  Pale- 
ontology, AND  Part  V. — An  Account  op  the  Coral  Reefs. 
By  Addison  E.  Verrill. 

The  writer  published  a  preliminary  paper  on  the  geology  of  these 
islands  in  1900,*  giving  the  results  of  his  studies  there  in  1898. 
During  another  visit  to  the  islands,  in  1901,  he  had  opportunities  to 
make  many  additional  studies  and  to  obtain  additional  photographs, 
especially  of  some  excellent  sections  laid  bare  by  the  great  harricane 
of  1900.  The  present  report,  which  contains  these  later  results, 
has  been  delayed,  partly  because  of  his  desire  to  again  visit  the 
islands  to  study  some  points  more  fully.  But  as  there  may  not  be 
such  an  opportunity,  at  present,  it  is  now  thought  best  to  print  it. 
Imperfect  as  it  must  be,  it  will  be  of  value  to  some  of  the  numerous 
students  who  now  annually  visit  the  islands. 
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I.      G-EOLOGV : 

1.      Character  of  the  Roclca. 

The  geology  of  the  Berniuda»<,  so  far  as  the  visible  structure  is 

coDcerned,  itt  very  Eimple  and  is  identical  with  that  of  the  Bahamas, 


Figure  1,— The  orij(inal  Gurnets  Head  of  Caatie  Island,  showing  typical  leolian 
limentonv  furuiation.  Un  the  siiniDiit  are  the  mins  of  the  ancient  fort  (a) 
called  King's  Ciuttle :  b,  mins  uf  anoient  Sonthaniptoti  tort. 

except  that  the  coral  rt-efs  are  of  greater  importance  in  the  latter. 
The  rocks  in  both  are  all  limestone  and  the  red  clays  resulting  from 
its  decomposition. 
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Nearly  all  the  roclcs  of  the  BenniidsB,  above  eea-level,  and  to  a 
considerable  depth  below  it,  are  made  up  of  wind-drifted  shell-sand 
(figs.  1,  4-6),  with  very  little  materials  derived  from  corals  and  other 
organisms,  sucb  as  foraminifera,  bryozoa,  corallines,  etc.  These 
materials,  when  consolidated,  form  a  true  leolian  limestone,  some- 
times friable,  but  in  some  places  very  hard  and  compact. 


Fignre  2.— Wreck  Hill,  u  seen  from  the  Sea,  be&ring  N.  %  East ;  the  hills  to 
the  right  ue  those  we«t  of  Oibb's  Hill  Light,  100  to  ITS  feet  high  ;  after 
Pindla^. 

The  only  exceptiona  to  this  oiigin  are  stuall  local  deposits  of 
limetitone,  near  tide-level,  having  a  laminated  beach-structare,  and 
containing  larger  fossil  marine  shellB,  barnacles,  etc,  of  existing 
species.  The  lattef  are  underlaid,  as  well  as  overlaid,  by  eeolian 
limestones.* 


Figure  3.— Hills  weat  and  east  of  Gibb's  Hill  light,  bearing  north,  100  to  340 
feet  high ;  after  Findlay. 

The  islands  are  diversified  by  rather  high  hills  and  deep  valleys. 
The  higher  hills  are  mostly  toward  the  southern  side  of  the  main 
island  and  are  conspicuous  when  the  islands  are  approached  from 
the  south  or  southwest  (figs.  2,  3).     Some  of  them,  like  Wreck  Ilill, 

*  See  plates  ivi  to  zviii;  also  fig.  11,  p.  7B. 
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appear  regularly  rounded  or  somewhat  conical ;  others  form  more 
or  less  long  ridges.  Some  are  partly  bare  of  vegetatioUy  near  the 
shore,  and  appear  whitish  in  the  distance. 

These  hills  are  all  ancient  sand-dunes,  of  which  the  sands  are 
mostly  consolidated.  The  height  of  these  dunes  is  remarkable,  con- 
sidering the  small  extent  of  the  land.  Some  are  now  200  to  268 
feet  high.  Nevertheless  it  is  certain  that  the  islands  have  subsided 
at  least  80  to  100  feet, — ^probably  more, — since  these  hills  were 
formed.  If  we  add  this  to  the  present  height,  it  will  be  evident  that 
they  must  have  been  at  one  time  over  350  feet  high,  allowing  noth- 
ing for  the  great  amount  of  erosion  that  they  have  suffered  during 
a  long  period  of  time,  which  would  doubtless  have  amounted  to  100 
feet  or  more. 

In  modern  times  the  sands  have  not  been  observed  to  drift  more 
than  180  feet  high, — and  very  seldom  even  to  100  feet.  Therefore 
it  is  evident  that  the  hills  could  not  have  reached  their  great  height 
under  present  conditions.  It  would  have  required  a  much  larger 
extent  of  sandy  coast  line  and  much  more  violent  gales,  unless  the 
islands  were  undergoing  a  gradual  elevation  at  the  same  time,  which 
was  probably  the  case. 

These  calcareous  sands  are  easily  and  quickly  consolidated  by  the 
percolating  rain-water,  which  contains  calcium  bicarbonate  in  solu- 
tion. Therefore,  after  being  once  slightly  consolidated,  they  are  not 
liable  to  be  much  eroded  by  the  winds,  though  readily  attacked  by 
the  rains. 

These  limestones  almost  everywhere  show  their  wind-drift  origin 
by  their  very  irregular  lamination  and  stratification.  The  layers  are 
of  unequal  hardness  and  show  very  abrupt  changes  in  dip  in  nearly 
every  section,  whether  in  the  shore  cliffs,  road-cuts,  or  in  the  quarries 
(figs.  1, 4-6;  and  pi.  xxii,  figsi.  1,  2).  Owing  to  this  structure  and  the 
very  unequal  hardness  of  the  layers,  the  erosion  of  the  clifts  by  the 
sea  has  brought  about  some  very  remarkable  and  picturesque  forms. 
The  topography  and  physiography  of  the  islands  have  been  so  fully 
described  and  illustrated  in  my  former  article,*  that  it  will  not  be 
necessary  to  dwell  upon  those  features  in  this  place,  except  as  bear- 
ing directly  upon  geological  changes.  Many  of  the  broader  and 
more  open  valleys  between  the  hills  are  probably  the  original  valleys, 
formed  when  the  hills  were  built  up  around  them  by  the  winds. 


♦These  Trans.,  vol.  xi,  part  2,  pp.  464-490;  and   "The  Bermuda  Islands," 
pp.  62-78. 
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Such  valleya  may  have  eince  beeo  partly  filled  up  by  the  red-clay 
soils  and  calcareous  xands  washed  down  from  the  hillsideB.  When 
occupied  by  swamps,  they  arc  till«d  with  thick  accumulalioRs  of  peat 
and  muck,  said  to  be  45  feet  deep  in  some  of  the  larger  oneH. 

Many  of  the  smaller  and  more  abrupt  valleys,  both  those  on  the 
dry  land  and  those  now  beneath  the  sea,  have  certainly  been  made 
by  the  falling  in  of  the  roofs  of  more  or  less  extensive  caverns,  aided 


Figtire  4. — Dingrammatic  seotioit  o[  leolisn  limestone,  as  tieen  in  Hnmilton,  show- 
ing iR«galar  Band-drift  Btmotnre ;  >,  pocket  of  loose  sand. 

by  the  subsequent  erosion  of  the  shores.  Probably  some  even  of  the 
larger  sounds  and  harbors,  like  Castle  Harbor,  Harrington  Sound, 
etc.,  have  had  a  similar  origin,  at  least  in  part.  This  will  hv  dis- 
cussed more  fully  in  the  chapters  on  subsidence  and  erosion.  These 
enclosed  sunken  areas  or  small  valleys  are  like  the  "sinks"  often 
found  in  the  cavernous  limestone  regions  of  the  United  States  and 
Europe,  but  they  are  unusually  fi-equent  in   Bermuda,  so  that  they 


Figure  R.— DiagTammatic  aectiun  of  reolian  limestone  at  Mt  Langton,  xhowing 
very  diversely  stratified  sand  drift  stmctnre  Btith  this  and  fig.  4  slightly 
altered  and  rednced  from  Rice 

become  a  notable  feature.  Those  that  are  above  the  level  of  the 
sea  usually  contain  rich  soil  and  are  locally  called  "banana  holes," 
because  bananas  and  other  tender  plants  ^row  best  in  them,  owing 
to  the  shelter  from  the  winds  and  the  richness  of  the  soil. 

Many  of  the  sinks  on  the  land  extend  below  sea-level  and  then 
form  small  pools  or  larger  ponds,  often  quite  deep  and  filled  with 
sea  water,  which  may  rise  and  fall  with  the  tide.  Some  of  those 
situated   near    the  shore  contain    a    variety  of   marine  fishes,   etc.. 
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which  eoroetimes  have  entered  through  fissiireF,  but  in  other  cases, 
as  at  Devil's  Hole,  they  have  beeu  put  in  by  the  proprietors.  They 
make  excellent  fish  and  turtle  preserves.* 

Some  of  the  smaller  bays  and  harbors  are  evidently  only  sinks  of 
this  kind  that  have  become  connected  with  the  sea  by  the  erosion  of 
the  intervening  rocks,  in  comparatively  recent  times.  Others,  like 
Peniston's  Pond,  are  just  beginning  to  be  breached  by  the  sea. 

The  soil  of  the  islands  is  partly  of  reddish  clay,  partly  of  shell-sand, 
mixed  with  vegetable  mold  in  most  places.  The  reddish  clay  is  the 
most  important  part.  It  is  a  mere  insoluble  residue  or  impurity, 
left  after  the  decomposition  and  solution  of  the  limestones  by  rain- 


Figure  e.— A  weathered   and  eroded  shore  cliff  near  Bailey  Bay,  north  Bhore, 
ahowiug  abrupt  ohangefl  in  the  inclination  of  the  tajere  of  feoliau  limeatoue. 

water,  during  an  immense  period  of  time.  It  always  contains,  even 
where  never  cultivated,  a  notable  per  csnt.  of  potassium  salts,  cal- 
cium phosphates,  etc.,  and  therefore  forms  a  very  fertile  soil.f 

Aluch  of  the  interest  in  the  geology  of  the  islands  is  due  to  the 
various  features  of  the  erosion  by  the  sea  ;  surface  erosion  ;  and  the 
subterranean  erosion,  which  has  formed  extensive  caTcrns,  sinks, 
tunnels  or  passages  for  subterranean  streams,  etc.  At  present  there 
are  no  streams  or  springs  of  fresh  water,  owing  to  the  porosity  of 
the  rocks  and  the  limited  surface  of  the  land. 

*For  fnller  descriptiona  see  these  Trans.,  zi,  pp.  468-473;  "The  Bermuda 
lalanda,"  pp.  54-60 ;  also  below,  chapter  on  eroaion. 

f  For  aualjaes  see  theae  Trana.,  vol.  xi,  p.  4U3,  and  "  The  Bennnda  lalands," 
pp.  81,  82. 
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2,     The  Cheater  Bermuda, 

The  present  dry  land  must  be  regarded  as  a  mere  remnant  of  a 
much  larger  similar  limestone  island,  of  which  the  former  extent  is 
approximately  indicated  by  the  outermost  of  the  surrounding  reefs, 
but  which  has  been  nearly  destroyed,  partly  by  erosion  and  partly 
by  subsidence,  in  former  periods.  This  larger  island,  known  as 
"  Greater  Bermuda  "  or  "  Pliocene  Bermuda,"  was  about  ten  times 
the  size  of  the  present  dry  land.  It  was  broadly  elliptical  in  outline, 
with  the  longer  axis  nearly  northeast  and  southwest,  or  nearly  the 
same  as  that  of  the  present  main  island  (figure  12,  map  I). 

The  area  of  this  Greater  Bermuda  was  probably  somewhat  more 
than  230  square  miles.  That  of  the  present  dry  land  is  less  than  20 
square  miles.  The  best  estimates  are  about  19j^  square  miles  or 
12,373  acres.* 

The  elliptical  area,  now  enclosed  by  the  outer  reefs,  is  about  22 
miles  long  and  1 1  miles  wide  in  the  widest  parts.  There  are  good 
reasons  for  believing  that  nearly  all  of  this  area  was  dry  land,  with 
numerous  more  or  less  elevated  hills,  especially  around  the  borders, 
in  the  period  of  Greater  Bermuda.  The  evidences  of  this  will  be 
given  later.  The  amount  of  subsidence  is  believed  to  have  been  at 
least  80  to  100  feet  since  the  penod  of  greatest  elevation. 

S.     The  Bermudas  not  a  true  Atoll. 

The  elliptical  form  of  the  outer  reefs,  more  or  less  covered  with 
corals  and  enclosing  a  broad  shallow  lagoon,  with  scattered  islets 
and  reefs  within  it,  is  so  much  like  that  of  the  coral  islands  or  atolls 
of  the  Pacific  Ocean  in  appearance  that  the  earlier  writers  believed 
that  the  Bermudas  formed  a  true  coral  atoll.  But  this  has  been 
shown  by  various  more  recent  writers  not  to  be  the  case.f 

However,  the  careful  recent  investigations  of  the  Pacific  coral- 
islands,  especially  by  Mr.  Alexander  Agassiz,  have  shown  that  many 
or  most  of  the  coral  reefs  of  that  region  have  a  foundation  of  older 
eroded  rocks,  at  no  great  depth,  on  which  the  modern  coral  reefs 
have  been  built  up.  Thus  the  conditions  even  there  approximate 
more  nearly  to  those  at  Bermuda  than  has  been  supposed  by  some 
recent  writers.     Perhaps  the  difference  is  mainly  due  to  the  less 


♦  See  these  Trans.,  xi,  p.  465,  and  **The  Bermuda  Islands,"  p.  58,  for  areas 
of  the  varions  larger  islands  of  the  group. 

f  Lieut.  Nelson,  in  1840,  was  perhaps  the  first  to  demonstrate  the  true  nature 
of  the  Bermuda  rocks. 
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abundant  growth  of  corals  at  Bermuda,  and  a  less  profound  erosion 
of  the  submerged  limestone  banks  and  cliffs  on  which  the  recent 
corals  have  grown.  In  view  of  this,  1  have  previously  suggested 
that  such  a  structure  as  that  of  the  Bermuda  reefs  should  be  called 
a  pseudcUolL 

Probably  the  position  of  the  more  elevated  rim  of  limestone  reefs, 
and  the  ancient  sand-dunes  of  which  they  are  remnants,  was  largely 
determined  by  still  older  coral  reefs  of  Tertiary  age,  but  this  cannot 
be  ascertained  at  present. 

4,    Volcanic  Character  of  the  Bermuda  JFoundaiion. 

All  geologists  admit  that  the  Bermudas  rest  on  the  flattened  and 
eroded  summit  of  a  vast  submarine  volcano.  The  geological  period 
when  this  volcano  was  last  active  is,  of  course,  very  uncertain.  It 
is,  however,  most  reasonable  to  suppose  that  it  corresponded  in  time 
with  the  last  great  volcanic  eruptions  of  the  nearest  American  main- 
lands. This  would  imply  that  the  Bermuda  volcano  was  formed  or 
completed  during  the  Triassic  period  or  at  its  close.  During  that 
period,  and  at  its  close,  immense  outbursts  of  volcanic  rocks  took 
place  all  along  the  eastern  coast  of  North  America,  from  North 
Carolina  to  Nova  Scotia,  giving  rise  to  enormous  trap-dyke^,  such  as 
the  Palisades  of  the  Hudson  ;  Mount  Tom,  Mt.  Holyoke,  Meriden 
Hills,  and  numerous  other  extensive  outflows  along  the  Connecticut 
River  valley;  and  also  the  vast  series  of  dykes  in  Nova  Scotia,  espe- 
cially along  the  east  side  of  the  Bay  of  Fundy.  As  the  Nova  Scotian 
regions  of  eruption  are  only  about  675  miles  north  of  Bermuda  and 
the  immense  dykes  have  a  nearly  north  and  south  direction,  it  is  not 
unlikely  that  the  outburst  at  Bermuda  was  in  direct  relation  with 
those  of  Nova  Scotia. 

The  great  Bermuda  volcano  has  a  height  of  about  15,000  feet,  for 
the  surrounding  ocean  is  about  2500  fathoms  deep.  Its  slope  on  all 
sides  is  very  steep.  Its  form  and  height  prove  that  it  is  a  volcano. 
This  is  confirmed  by  the  remarkable  magnetic  variations  detected 
by  the  officers  of  the  "  Challenger  "  in  different  parts  of  the  islands, 
which  could  hardly  be  caused  by  anything  except  iron-bearing  vol- 
canic rocks  not  far  beneath  the  surface. 

"  The  observations  made  by  the  Expedition  showed  that  the  varia- 
tion differed  in  various  parts  of  the  island  as  much  as  6^,  ranging 
from  4°  W.  to  10°  W.,  the  smallest  amount  being  found  at  a  small 
islet  just  under  the  lighthouse  on  Gibb's  Hill,  and  the  greatest  at 
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the  point  on  the  west  side  of  Clarence  Cove."     Such  variations  do 
not  exist  at  sea,  a  few  miles  from  the  islands.* 

Besides  the  main  cone  and  crater,  which  form  the  foundation  of 
the  Bermuda  Islands  and  reefs,  there  were  two  smaller  connected 
peaks  or  side-cones,  which  lie  a  few  miles  to  the  southwest  of  Ber- 


Figure  7.— I.  Sectional  diagram  of  submerged  slope  northward  from  North 
Rocks  (N). 

II.  The  same  southward  from  Castle  Harbor  (C). 

III.  Sketch  map  showing  the  situation  of  Argus  Bank  (A) ;  Challenger  Bank 
(C) ;  and  southwestern  end  of  the  Bermudas ;  Somerset  Island  (S) ;  Ireland 
Island  (I) ;  Main  Island  or  Bermuda  (B.  I.) ;  Hamilton  town  (H) ;  a,  6,  line  of 
the  section  shown  in  IV. 

IV.  Section  through  Somerset  Island  (S),  Challenger  Bank  (C),  and  Argus 
Bank  (A),  along  the  line  a,  b,  in  III. 

All  soundings  are  given  in  fathoms.     (Altered  slightly  from  A.  Agassiz.) 

muda,  and  form  what  are  known  as  Argus  Bank  and  Challenger 
Bank,  both  having,  in  general,  from  20  to  40  fathoms  of  water  over 
their  surfaces,  but  Argus  Bank  rises  in  one  place  to  within  8  fathoms 
of  the  surface  of  the  sea.     (See  fig.  7.) 


See  "  Voyage  of  the  Challenger,"  Narrative,  i,  p.  140. 
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Bat  their  saromits  are  now  too  far  below  sea-level  for  the  growth 
of  reef  corals,  though  a  few  small  corals  are  found  on  thera. 

The  nearer  is  the  Challenger  Bank.  It  lies  13  miles  S.  50**  14'  W. 
from  Gibb's  Hill  light.  It  is  about  10  miles  in  circumference.  The 
distance  from  the  100  fathom  line  of  Bermuda  to  its  inner  edge  is 
not  over  four  miles. 

These  two  peaks  and  Bermuda  are  connected  together  by  a  ridge, 
covered  with  water  only  580  to  690  fathoms  deep,  while  the  sur- 
rounding sea,  on  all  sides,  is  from  1500  to  over  2000  fathoms  deep. 
The  submerged  slope  of  the  Bermuda  Mountain,  on  the  north  side, 
is  steeper  than  that  of  any  known  large  volcano  upon  the  dry  land. 
It  falls  off  1250  fathoms  in  6  miles  ;  that  is  at  the  rate  of  about 
1250  feet  to  the  mile.  The  slope  of  the  Argus  Bank  is,  on  one  side, 
7620  feet  in  10  miles.     (See  fig.  7.) 

No  doubt  each  of  these  peaks  and  craters,  when  they  were  most 
active,  rose  high  above  the  level  of  the  sea,  like  the  volcano  of 
Teneriffe,  though  not  so  large  or  high.  Perhaps  more  like  Marti- 
nique, St.  Lucia,  and  Dominica  Island,  among  the  Antilles.  The  size 
was  similar  to  some  of  the  latter,  and  there  may  have  been  many 
eruptions  as  violent  as  the  recent  eruptions  of  Mt.  Pel6  and  from  as 
lofty  a  crater.  In  fact  there  must  have  been  very  many  great  erup- 
tions to  have  built  up  such  an  immense  cone  from  the  bottom  of  the 
deep  ocean. 

After  the  volcano  became  extinct  there  followed  a  vast  period  of 
time  during  which  the  action  of  the  sea  undermined  and  levelled 
down  the  materials  of  the  volcanic  cones,  filling  up  the  craters,  more 
or  less  completely,  at  the  same  time,  in  case  any  deep  central  pits 
remained.  This  period  of  erosion  may  have  lasted  through  all  the 
Jurassic,  Cretaceous,  and  £ocene  periods,  with  more  or  less  oscilla- 
tions of  level.  However,  it  is  probable  that  during  those  periods 
more  or  less  extensive  reefs  of  corals  and  deposits  of  shell-sand  were 
formed,  for  during  the  Jurassic  period  reefs  of  corals  existed  as  far 
north  as  middle  Europe,  and  the  climate  in  the  latitude  of  Bermuda, 
in  the  Cretaceous  and  Eocene,  must  have  been  much  warmer  than  at 
present.  In  any  case,  the  final  result  of  the  erosion  of  the  larger 
volcanic  cone  must  have  been  to  form  submerged  banks  or  shoals  at 
a  suitable  depth  for  the  abundant  growth  of  corals,  mollusks,  etc. 

It  is  probable  that  direct  erosion  by  the  sea  waves  would  not  have 
cut  down  the  cones  very  far  below  the  level  of  low-tide,  for  the 
waves  in  storms  of  ordinary  force  have  little  erosive  power  beyond 
20  or  30  feet  deep.     In  violent  storms  the  wave  action  may  have 
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some  feeble  effects  to  the  depth  of  100  feet  or  more,  but  hardly 
sufficient  to  move  anything  more  than  loose  material  like  line  sand 
and  mud. 

George's  Bank  and  Nantucket  Shoals,  off  Cape  Cod,  maintain 
themselves  in  the  face  of  the  most  violent  storms.  Although  com- 
posed only  of  loose  sand  and  gravel,  their  shallowest  parts  rise  to 
within  25  to  30  feet  of  the  sea-level.  This  indicates  that  the  erod- 
ing action  of  the  waves  decreases  very  rapidly,  even  at  such  depths. 

The  Argus  and  Challenger  cones  were  evidently  truncated  and 
roughly  levelled  by  the  erosion  of  the  waves,  but  at  the  prt^sent 
time  they  are  depressed  so  far  beneath  the  sea  that  coral  reefs  do 
not  grow  upon  them.  Possibly  they  may  have  been  dry  land,  with 
sand  dunes  and  corals  like  those  of  Bermuda,  in  the  period  of  Greater 
Bermuda.  If  so,  the  subsequent  subsidence  and  simultaneous  ero- 
sion of  the  limestones  could  have  reduced  them  to  their  present 
depths. 

If  Jurassic  or  Tertiary  coral  reefs  existed  here,  as  is  quite  prob- 
able, they  would  certainly  have  grown  best  around  the  borders  of 
the  banks  and  shoals.  Thus  they  might  have  initiated  the  atoll-like 
structure  that  has  prevailed  subsequently. 

It  is  possible  that  during  some  of  the  former  geologic  periods,  after 
the  cones  were  formed,  there  may  have  been  long  periods  of  subsi- 
dence, in  which  the  depth  of  water  over  them  became  too  great  for 
the  growth  of  coral  reefs,*  as  is  now  the  case  at  the  Argus  and 
Challenger  Banks. 

6,     Emergence  of  the  Land, 

At  some  period,  perhaps  after  the  close  of  the  Miocene,  when  we 
know  that  many  of  the  West  Indian  islands,  with  their  Miocene 
corals,  were  upraised,  as  well  as  the  eastern  coast  of  the  United  States; 
or  perhaps  still  earlier,  in  the  Eocene,  the  Bermuda  reefs  and  shoals, 
whether  of  coral  or  not,  were  so  much  raised  that  they  formed  dry 
land.f     No  doubt  this  land  at  first  formed  a  group  of  low  islands 


*  Deep  artesian  borings  at  Bermuda  might  determine  these  qnestions  with 
certainty.  No  doabt  this  will  evenfcaally  be  undertaken,  as  has  been  done  else- 
where. 

f  That  the  dry  land  was  as  old  as  the  middle  Tertiary  is  probable,  because  of 
the  long  time  that  mast  have  been  required  for  the  evolution  of  the  endemic 
genus  PascilozonittSy  with  at  least  seven  very  diverse  species  that  we  find  already 
there  in  the  Pliocene.  There  must  have  been  many  earlier  ancestral  species 
that  are  unknown  to  us.     See  Paleontology. 
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along  the  rim  of  the  partly  enclosed  lagoon,  as  is  almost  always  the 
case  with  small  oceanic  islands  of  this  type.  Their  sandy  beaches 
and  flats,  alternately  covered  by  the  tide  and  exposed  to  the  sun, 
afforded  an  abundance  of  dry  shell-sand.  From  this  time  onward 
the  shell-sand,  derived  mainly  from  the  life  and  death  of  myriads  of 
small  moUasks  on  and  about  the  reefs  and  shoals,  must  have  been 
drifted  by  the  winds,  so  as  to  form  hillocks  and  sand-dunes,  grad- 
ually increasing  the  height  and  extent  of  the  islets  and  eventually 
uniting  them  together  into  larger  ones.  It  is  probable  that  this  was 
favored  and  accelerated  by  the  continued  and  gradual  uprising  of 
the  volcanic  basis,  during  a  long  period  of  time.  But  it  is  possible 
to  account  for  much  of  the  subsequent  great  growth  of  the  islands, 
even  without  much  elevation  of  the  sea  bottom,  beyond  what  was 
necessary  to  lay  bare  the  extensive  shoals  of  fine  shell-sand,  periodi- 
cally covered  by  the  tide.* 

6.    Evolution  of   Greater  JBermuda;  Pliocene  Bermuda. 

From  the  evidences  derived  from  the  subsequent  subsidence,  it  is 
probable  that  the  highest  sand  dunes,  eventually,  in  one  period  at 
least,  attained  the  height  of  over  450  feet.  It  is  hardly  probable 
that  this  was  due  wholly  to  the  drifting  of  the  sand  to  that  height, 
though  it  is  not  impossible.  It  seems  more  probable  that  the  emer- 
gence of  the  land  continued  while  the  great  sand  dunes  were  form- 
ing. In  that  case  the  higher  and  larger  sand  dunes  would  also  be 
the  older  ones  and  the  deposits  at  the  center  and  summit  would  be 
the  oldest.  If  the  height  were  wholly  due  to  sand-drift,  then  the 
upper  layers  at  the  summits  would  be  of  later  origin.  The  character 
of  the  rocks  indicates,  but  does  not  prove,  that  the  upper  and  central 
parts  of  the  higher  hills  are  the  oldest.  But  fossils  have  not  3'et 
been  found  in  them.  Thus  a  long  continued  period  of  emergence 
was  probable,  with  a  constant  loss  of  materials  from  the  tops  of  the 
hills. 

No  doubt  a  very  large  amount  of  material  has  been  removed  from 
all  the  hills  through  solution  and  by  mechanical  erosion  by  rains,  so 
that  450  feet  for  their  greatest  former  elevation  is  probably  too  low 
an  estimate. 


*  Sabseqnent  BabfiirieDce  has  bnried  the  first  formed  limestones  deeply  beneath 
the  sea, — probably  at  least  100  feet.  We  know  the  natnre  of  the  submerged 
rock  to  about  50  feet  deep  at  Ireland  Island  dock,  where  it  is  u  sand-drift  lime- 
stone, associated  with  red  clay  soil. 
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I  hope  to  demonstrate  later  tbat  the  rocks  which  I  call  the  "  Wals- 
ingham  formation,"  and  refer  to  the  Pliocene  period,  now  rise  to  the 
height  of  60  to  70  feet  and  probably  much  more.  If  we  add  to  this 
100  feet  for  the  later  sabsidence,  those  rocks  must  have  formed  hills 
at  least  160  to  170  feet  high  in  the  Pliocene,  even  if  we  allow  noth- 
ing for  solution  and  denudation.  Their  interstratified  red  clays 
indicate  a  loss  of  more  than  150  feet  by  solution.  So  it  is  probable 
that  the  islands  were  much  higher  and  larger,  even  in  the  Pliocene, 
than  at  present. 

It  is  certain  that  it  took  a  very  long  ])eriod  of  time  to  bring  about 
the  elevation  of  the  land  and  to  accumulate  the  vast  quantities  of 
shell-sand  and  red  clays  contained  in  the  hills.  But  the  mere 
mechanical  work  of  heaping  up  the  sand  by  the  wind  is  of  secondary 
significance  in  this  study.  It  might  have  gone  on  very  rapidly  at 
times  if  the  winds  were  more  violent  than  now.  This  may  have 
been  the  case,  especially  in  the  time  of  the  Glacial  period. 

What  is  of  far  greater  significance  is  the  enormous  lapse  of  time 
required  for  the  small  shells  and  other  small  organisms  to  grow  in 
quantities  sufficient  to  build  up  all  this  land,  with  its  high  hills,  in 
addition  to  the  quantities,  perhaps  equally  great,  that  were  washed 
away  into  deeper  water,  and  also  the  great  bulk  that  was  lost  by 
solution  to  form  the  red  soil  of  the  dry  land  and  the  caverns. 

When  these  considerations  are  taken  into  account,  it  is  plain  that 
the  building  up  of  Greater  Bermuda  must  have  required  a  vast 
period  of  time.  Therefore,  we  are  forced  to  believe  that  it  had 
attained  very  much  of  its  growth  in  the  Pliocene  or  pre-Glacial  times, 
and  that  it  had  acquired,  before  the  Glacial  period,  a  large  flora  and 
fauna  of  its  own,  of  which  some  portions  still  exist,  though  the 
greater  part  may  have  been  exterminated  by  the  cooler  and  more 
stormy  climate  of  that  period. 

Perhaps  all  those  plants  that  are  now  peculiar  to  Bermuda  (only 
about  8  species*)  date  from  the  Pliocene  or  earlier  periods.  The 
same  is  probably  true  of  the  few  land  snails  peculiar  to  the  islands, 
especially  the  genus  Pceeilozonites,  found  nowhere  else,  and  of 
which  several  of  the  species,  including  the  largest,  are  known  only 
as  fossils,  while  others  still  survive  in  diminished  numbers  and 
feebler  forms.  Certainly  they  could  not  now  exist  in  such  places 
as  small  barren  islands  where  they  were  once  abundant. f 


*  For  lists  of  these  see  these  Trans.,  vol.  xi,  p.  574,  and  **  Bermuda  Islands,"  p. 
162,  with  figures. 
f  These  matters  will  be  more  fully  discussed  in  the  chapter  on  paleontology. 


A.  E,  Yerrxll — The  Bermuda  Islands;  Geology.  59 

If  the  higher  land  had  become  covered  with  luxuriant  vegetation 
in  the  pre-Glacial  times,  this  eventually  would  have  had  the  effect  of 
diminishing  the  accumulation  of  sand  on  the  higher  dunes.  The 
drifting  of  the  sand  would  have  been  more  and  more  restricted  to 
the  vicinity  of  the  shores,  and  therefore  the  bays  and  inlets  would 
have  been  filled  up  more  rapidly,  except  in  face  of  strong  currents. 

It  is  not  unlikely  that  the  Bermuda  cedar  and  the  palmetto  (which 
last  is  peculiar  to  Bermuda),  with  other  trees  now  extinct  there,  may 
have  then  formed  dense  forests  over  most  of  the  land,  similar  to 
those  that  existed  when  Bermuda  was  first  discovered  by  Europeans. 
Indeed,  from  the  great  size  and  abundance  of  the  fossil  land  snails, 
on  small  islands  now  barren  and  nearly  bare  of  vegetation,  it  is 
evident  that  there  was  a  former  period  when  the  climate  was  more 
moist  and  the  vegetation  much  more  abundant  than  in  the  present 
period.  It  is  known  that  the  Pliocene  was  really  a  period  of  greater 
elevation  than  the  present,  for  I  have  myself  found  the  large  fossil 
land  snails  (P,  Nelsoniy  pi.  xxvi)  in  limestone  strata  of  the  Walsing- 
ham  period,  in  places  now  submerged  beneath  the  sea.  It  is  said 
to  have  been  found  in  the  limestones  at  the  depth  of  about  48  feet 
below  the  sea  at  Ireland  Island. 

7.     Bermuda  in  the  Glacial  Period, 

That  the  advent  of  the  Glacial  period  caused  a  marked  change  in 
the  climate  of  Bermuda  cannot  be  doubted.  Huge  continental  ice- 
sheets  existed  over  the  whole  of  New  England,  Nova  Scotia  and 
Newfoundland,  and  their  lofty  frontal  ice-cliffs,  extending  for 
hundreds  of  miles  along  the  coast  and  reaching  some  miles  south  of 
the  present  shor^  lines,  were  dropping  vast  numbers  of  icebergs, 
doubtless  of  gigantic  size,  like  those  of  Greenland,  into  the  sea  con- 
tinually. Those  ice-cliffs  were  not  over  625  miles  north  of  Bermuda, 
and  doubtless  the  icebergs  drifted  much  nearer.  Possibly  the  Gulf 
Stream  was  stronger  than  now.  If  so,  the  icebergs  may  not  have 
crossed  it,  but  they  must  have  gone  far  southward  in  the  inshore 
Arctic  current.* 


♦  In  a  former  article  (Amer.  Jour.  Science,  ix,  May,  1900),  I  auggested  that 
the  marine  climate  in  the  glacial  period  might  have  been  warmer  than  now, 
because  of  the  occurrence  of  fossil  West  Indian  shells  that  no  longer  live  there. 
But  with  the  exception  of  Livona  pica  (tig.  60)  carried  inland  by  the  hermit 
crabs,  no  marine  fossils  are  known  from  the  rocks  that  I  now  consider  as  pre- 
glacial  and  glacial.     The  beach  formations,  containing  most  of  the  marine  shells 
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Therefore,  it  is  certain  that  the  northerly  winds  would  have  been 
cooler  than  at  present  and  doubtless  the  contrasts  in  temperature 
between  the  northerly  and  southerly  currents,  both  of  air  and  water, 
would  have  been  much  greater  than  now.  Therefore,  we  are  safe 
in  assuming  that  the  climate  would  have  been  more  stormy,  with 
fiercer  gales  and  much  more  rain  than  now.  Probably  there  were 
also  frosts  regularly  in  winter,  and  perhaps  some  snow,  for  light 
frosts  sometimes  occur  in  Bermuda  even  now,  and  sometimes  a  few 
snow  flakes  also. 

Such  changes  in  the  climate  as  I  have  named  would  have  needed 
only  a  few  degrees  of  decrease  in  the  mean  annual  temperature. 
But  they  would  have  been  sufficient  to  exterminate  most  of  the 
tropical  and  subtropical  life  that  may  have  existed  there  previously. 
The  forests  and  other  vegetation  may  have  quite  disappeared  then 
from  the  exposed  hills  and  highlands,  even  if  partially  retained  in 
the  sheltered  valleys.  Death  of  the  vegetation  and  the  increased 
violence  of  the  winds  would  have  set  the  sands  in  active  motion 
again,  perhaps  far  more  energetically  than  ever  before. 

These,  I  suppose,  were  the  conditions  under  which  the  land 
attained  its  greatest  elevation  and  extent. 

8.    Post-glacial  Bermuda;  Subsidence. 

During  the  decline  of  the  long  glacial  period,  the  "  Greater  Ber- 
muda,'' like  the  American  coast  north  of  it,  underwent  a  gradual 
subsidence,  as  shown  by  many  geological  phenomena.  This  is 
believed  to  have  amounted  eventually  to  at  least  100  to  120  feet,  as 
will  be  shown  in  a  later  chapter. 

This  period  probably  corresponded  to  the  Champlain  or  Lawren- 
tian  period  of  eastern  North  America.  During  this  long  period  of 
subsidence  there  was  an  immense  amount  of  erosion  by  the  sea,  and 
much  of  the  lower  parts  of  the  previous  dry  land  of  the  interior  was 
finally  covered  by  the  sea,  gradually  bringing  about  the  present  con- 
dition of  things.  New  sand-drift  rocks  were  also  forming  during  all 
this  period.  During  this  period,  also,  many  species  of  plants  and 
animals  were  introduced  from  North  America  and  the  West  Indies 


then  referred  to,  I  now  refer  to  the  post-glacial  or  Champlain  period.  However, 
it  is  possible  that  the  Gnlf  Stream  waters  were  as  warm  in  the  glacial  period  as 
at  present,  and  that  owing  to  the  elevation  of  the  coasts  of  the  boreal  Atlantic, 
and  probably  of  its  entire  sea  bed,  its  current  may  have  reached  Bermuda  more 
directly  than  at  present,  so  as  ^  offset  the  cold  Arctic  currents. 
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by  winds,  drift-wood,  birds,  etc.,  thus  forming  a  new  faana  and  flora^ 
combined  with  some  remnants  of  those  that  had  survival  the  glacial 
storms. 

9.     Re^levation  of  Bermuda. 

There  is  considerable  evidence  that  these  islands  underwent  a 
slight  reelevation  of  about  six  to  ten  feet,  after  the  period  of  greatest 
depression.  If  this  be  true,  its  period  corresponded,  in  all  prob- 
ability, to  that  in  which  Nova  Scotia,  Eastern  Canada,  and  New 
England  underwent  a  much  greater  reelevation  in  post-glacial  or 
Quaternary  time. 

Such  a  reelevation,  of  small  amount,  would  best  account  for  the 
various  local  deposits  of  beach-rock,  containing  recent  marine  shells 
and  corals,  now  found  elevated  from  6  to  15  feet  above  the  sea. 
This  will  be  discussed  later. 

10,     Consolidation  of  the  Sands ;  formation  of  the  ^olian  lime- 
stones and  ^^base  rock.'''* 

During  the  whole  period  of  the  accumulation  of  the  shell-sands, 
a  process  of  consolidation  or  cementation  of  the  sands  into  softer  or 
harder  limestone  has  been  going  on  beneath  the  surface  of  the  land,* 
but  not  uniformly.  This  is  brought  about  by  the  rain  water,  which 
always  contains  carbonic  acid  in  solution,  which  dissolves  a  certain 
amount  of  the  limestone  as  it  percolates  through  the  sands,  forming 
calcium  bicarbonate  in  solution.  This  solution,  when  exposed  to  the 
air,  and  especially  when  it  evaporates,  deposits  calcium  carbonate  or 
crystalline  calcite,  either  between  the  particles  of  sand,  binding  them 
together,  or  in  the  form  of  stalactites  and  stalagmites,  when  it  drips 
into  caverns,  as  is  well  known. 

But  in  the  rainy  and  warm  climate  of  Bermuda,  this  process  goes 
on  with  unusual  rapidity.  In  fact,  the  sands  and  porous  limestones, 
below  a  certain  distance  from  the  surface,  seem  to  be  saturated  with 
the  lime  solution,  for  many  of  these  limestones,  which  are  so  soft 
that  they  are  quarried  by  large  chisels  and  cut  into  regular  building 
stones  with  ordinary  saws,  as  easily  as  wood,  become  quite  hard  and 
suitable  for  buildingf  after  exposure  to  the  air  for  a  few  weeks. 


*  There  is  no  evidence  at  Bermuda  that  the  shell-sand  and  marl  ever  consoli- 
date into  limestone  when  wholly  submerged  beneath  the  sea.  These  materials 
are  everywhere  loose  to  a  great  depth,  in  the  sounds. 

t  See  these  Trans.,  xi,  p.  431,  fig.  11 ;  **  The  Bermuda  Islands,"  p.  19,  fig.  11. 

Trans.  Conn.  Acad.,  Vol.  XII.  5  Junk,  1905. 
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So  when  the  percolating  watent  meet  cracks  or  fiseureo,  where  they 
will  be  exposed  to  air,  they  deposit  the  calclte  on  and  near  their 
surfaces,  giving  rise  to  sheets  and  blocks  of  harder  material,  which 
may  later  stand  out  in  relief  when  erosion  takes  place.  (See  fig.  8.) 
The  reticulated  cracks,  made  by  the  air-drying  of  mud,  are  thuB 
filled  in  some  places,  as  well  as  the  larger  fissui-es.  When  such 
waters  trickle  down  the  surfaces  of  the  stumps  and  roots  of  trees, 


Figure  8.— Cliff  of  %olian  limeatone,  south  shore,  showing  the  irregalar  stratifi- 
cation and  the  deeply  pitt«d  surfaces  co.iled  and  infiltrated  with  calcite, 
charaoteriBtio  of  moat  of  the  cliffs  that  are  eiposed  alternately  to  the  action 
of  the  sea-spray  and  dry  air, 

the  sands  may  be  so  hardened  around  them  tfaat  complete  molds  of 
the  roots,  and  even  of  the  bases  of  the  trunks,  may  be  formed  and 
preserved  in  the  limestones.  When  tlie  organic  matters  decay,  casts 
may  be  formed  in  the  molds.  Some  of  the  structures  locally 
known  as  "fossil  palmetto  stumps"  have  possibly  been  formed  in 
this  way.     These  will  be  discussed  later.     (See  chapter  -24,  pis.  xix. 
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When  the  percolating  waters  meet  a  nearly  horizontal  layer  of 
impervious  red  clay,  or  a  very  compact  layer  of  tine  abetl-mart,  its 
downward  course  being  arrested,  it  may  collect  in  and  consolidate 
more  firmly  the  layers  just  above.  The  layers  of  hardened  limestone 
will  also  vary  in  hardness  according  to  the  fineness  and  compactness 
of  the  shell-sand  and  calcareous  mud  composing  them  ;  according  to 
their  inclination  and  drainage  ;  according  to  the  amount  of  percolat- 
ing water  ;  and  also  according  to  their  depth  beneath  tbe  surface. 
Some  of  the  beds  of  sand,  even  of  considerable  thickness,  are  stilt 


Figure  9. — Cathedral  Kocka  on  Somerset  Island ;  the  ruins  of  an  ancient  cavern 
and  water  pansages,  partly  broken  down  and  dissected  by  the  sea.  The  roof 
has  partly  fallen.  Ttie  columne  are  hardened  by  infiltration  and  roughly 
pitt«d.     The  bottom,  which  is  above  high  tide,  is  oovered  with  aheH-sand. 

loose,  with  little  or  no  consolidation,  although  of  ancient  origin  with 
thick  deposits  of  hard  limestone  rocks  over  them.  Sometimes  irreg- 
ular naasses  or  "  pockets "  of  the  loose  sand  occur  in  the  harder  lime- 
stones, fig.  4.  When  such  loose  deposits  of  sand  happen  to  become 
exposed  in  the  shore  cliffs  the  soft  contents  are  quickly  washed  away, 
leaving  grottoes  or  cavernous  places,  large  and  small,  in  the  cliffs. 
Probably  the  remarkable  "Cathedral  rocks"  (fig.  9),  on  the  west 
shore  of  Somerset  Island,*  have  been  formed  mainly  by  the  rapid 

*  See  pi.  xii :  alao  these  Trans.,  pp.  427,  473,  and  pla.  Ixxzviii,  Ixixix  ;  "  The 
Bermuda  lalaads,"  pp.  15,  61,  the  sBme  plates. 
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erosion  of  a  thick  bed  of  only  slightly  consolidated  sand,  in  whicli 
nmny  vertical  HaBures  liad  allowed  tlie  percolating  waters  to  conBoli- 
date  the  adjacent  sand  into  harder  rocks,  which  now  stand  up  like 
pillars  supporting  the  arches  of  overlying  Jimestonp.  No  doubt 
there  was  a  lime,  before  the  erosion  had  progressed  so  far,  when 
these  archways  an^  pillars  formed  the  supports  of  a  cavern  of  con- 
siderable extent.  But  the  pillai-s  are  not  true  stalactites,  as  they  are 
in  some  of  the  other  caverns,  but  mere  vertical  masses  of  shell-sand, 
BO  impregnated  and  encrusted  by  stalactitic  material  that  they  are 
very  hard  and  resistant.     Some  of  the  larger  caverns  on  the  islands 


x\s  and  colamtiH  at  Tobacco  Bay,  near 

have  similar  large  columns  which  are  so  thickly  covered  with  stalac- 
titic material  that  their  true  nature  cannot  he  ascertained  without 
fractures  or  sections.  But  all  intermediate  conditions  occur  among 
the  larger  stalactites  and  pillars  of  the  caves. 

Probably  the  curiously  and  roughly  eroded  rouks  and  pinnacles  of 
Tobacco  Bay*  and  other  similar  localities  had  a  similar  origin,  but 
have  progressed  farther  toward  destruction  (fig.  10,  and  pi.  xxiii, 
figs.  1,  2). 

•See  also  these  Trans.,  p.  474,  pi.  Ixix,  fig,  1,  xc,  fig.  2\  "The  Bermuda 
Islands,"  p.  G2,  plates  the  same. 
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Pulpit  Rock  (fig.  22)  and  the  North  Rocks  (figs.  23,  31)  probably 
owe  their  existence  mainly  to  their  resistance  due  to  infiltration, 
while  the  softer  surrounding  rocks  were  washed  away.  The  same  is 
doubtless  true,  in  a  marked  degree,  of  all  the  other  boldly  sculp- 
tured rocks  and  projecting  crags,  such  as  Lion  Rock  (fig.  20),  and  the 
cliffs  shown  in  figs.  17,  22. 

11.    Unconsolidated  Sands;  no  consolidation  below  low-tide  level. 

Why  the  masses  of  shell-sand,  mentioned  above,  remain  unconsoli- 
dated, imbedded  in  or  between  hardened  strata  of  the  same  composi- 
tion, has  never  been  satisfactorily  explained.  The  only  suggestion 
that  seems  to  me  plausible,  is  that  they  were  so  situated  that  they 
were  continually  soaked  in  waters  that  were  already. saturated  with 
calcium  carbonate  and  from  which  no  evaporation  could  take  place, 
owing  to  the  nearly  impervious  or  hard  rocks  above  and  below  them. 
Under  such  conditions  they  might  have  become  water-bearing  strata 
without  alteration,  either  by  solution  or  hardening.  This  would 
also  explain  the  remarkably  perfect  preservation  of  delicate  land 
shells,  even  with  their  colors  perfect,  in  these  beds. 

I  have  already  mentioned  that  there  is  no  evidence  that  these 
shell-sands  and  marls,  at  Bermuda,  ever  become  consolidated  into 
lime  when  constantly  covered  by  the  sea,  somewhat  below  low-tide 
level.  In  the  excavations  made  at  Ireland  Island  and  elsewhere,  6 
to  10  feet  of  such  unconsolidated  materials  have  been  found,  over- 
lying aeolian  limestones.  Stakes  and  probes  can  be  driven  down 
many  feet  into  these  sands  almost  everywhere  in  the  harbors. 

The  same  conditions  are  found  all  over  the  world  where  shell-sands 
and  coral -sands  form  the  bottom  deposits.  Also,  in  the  deep  sea 
where  Globigerina-oozQ  occurs  of  great  depth,  it  is  never  consoli- 
dated. Probably  this  is  also  due  to  the  absence  of  evaporation. 
Perhaps  violent  agitation,  ill  shallow  water  seas,  may  take  the  place 
of  evaporation,  to  some  extent,  and  cause  some  consolidation,  just 
below  low  tide,  by  loss  of  carbonic  acid. 

But  many  geologists  constantly  refer  to  such  shell -limestones  and 
coral-limestones  as  if  consolidated  below  sea-level.  I  do  not  know 
of  any  evidence  that  it  ever  occurs  under  ordinary  conditions.  A 
marked  or  rapid  change  in  temperature,  or  contact  with  water  of  a 
different  chemical  composition,  or  the  action  of  living  organisms, 
might  cause  it,  under  unusual  conditions. 
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12,     Surface  Hardening  and  Infiltration  by  Sea  Water  and  Spray, 

Wherever  the  limestones  have  been  exposed  for  some  time  to  the 
joint  or  alternate  action  of  salt  spray  and  the  atmosphere,  their  sur- 
faces becomes  hard  and  deeply  corroded,  pitted,  or  rudely  honey- 
combed, with  the  intervening  portions  rising  up  into  sharp  ridges, 
rough  and  ragged  points,  and  other  strange,  rude,  and  irregular 
forms,  so  that  they  are  very  unpleasant  to  walk  upon  or  climb  over, 
for  they  are  very  destructive  to  shoes  and  clothing.     (PL  xxii.) 

This  is  due  partly  to  the  solvent  action  of  the  sea  water,  eating 
out  the  pits,  and  partly  to  the  infiltration  and  hardening  of  the  inter- 
vening  spaces  by  the  evaporation  of  the  calcareous  water.  As  the 
intermediate  ridges  and  points  become  higher  they  seem  to  act  by 
capillary  action,  like  wicks,  to  draw  up  the  water  from  the  pits  and 
crevices,  and  the  stalactitic  material  is  deposited  at  their  points  and 
edges,  building  them  up  and  making  them  very  hard.  (See  figs.  8, 
15,  22.)  This  action  is  going  on  everywhere  along  the  cliffs.  When 
the  surface  of  the  rocks  becomes  thus  hardened,  they  are  very  resist- 
ant to  erosion  by  the  waves,  and  thus  even  limestones  that  are  soft 
beneath  the  surface  may  endure  for  a  long  period. 

Below  high  tide  the  action  is  somewhat  different,  for  here  the 
sharper  projections  are  worn  off,  but  the  infiltration  and  hardening 
of  the  rock  goes  on  to  low-water  mark,  especially  wherever  it  is 
alternately  wet  and  partly  dry.  In  such  places  the  rocks  usually 
become  rudely  pitted,  partly  by  solution  and  partly  by  the  mechani- 
cal erosion  of  the  softer  spots,  but  the  pits  are  generally  larger  than 
above  sea-level,  and  often  form  shallow  tidal  pools,  large  and  small. 
Owing  partly  to  this  hardening  of  the  rocks,  nearly  or  quite  to  low- 
water  mark,  but  not  much  lower  down,  and  partly  to  the  diminished 
force  of  the  waves  on  the  rocks  while  submerged,  these  hardened 
limestones  often  form  nearly  flat  platforms  or  benches,  at  or  just 
above  low-water  mark.  Sometimes  thi^is  aided  by  the  horizontal 
stratification  of  the  rocks,  by  corals  and  other  growths,  and  by  other 
causes.  But  the  infiltration  of  these  partly  exposed  rocks,  convertr 
ing  soft  limestones  into  those  that  will  ring  under  the  blow  of  a 
hammer,  has  a  great  effect  in  preventing  their  rapid  destruction  by 
the  waves. 

IS.      Compact  Limestones;  Building  Stones. 

In  its  downward  course  all  the  percolating  waters  must  eventually 
be  stopped,  by  the  layer  of  sea- water  which  everywhere  fills  the 
porous  beds  of  limestone  to  near  the  level  of  mean-tide  and  some- 
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times  above  it.  The  rain  water,  being  lighter,  will  rest  upon  the 
sea  water  and  mix  with  it  only  very  gradually  in  the  pores  of  the 
rocks.  Even  in  the  shallow  wells,  often  dug  near  the  shore  for 
cattle,  nearly  fresh  water  can  be  drawn  from  the  surface  during  the 
ebb  tide,  though  there  may  be  salt  water  at  the  bottom. 

The  calcareous  fresh  water,  thus  arrested  by  the  sea  water,  will 
therefore  deposit  much  of  its  calcite  in  the  strata  just  above  the 
level  of  the  salt  water.  As  this  level  varies  with  the  tide,  a  con- 
siderable thickness  of  harder  limestone,  often  four  to  six  feet  thick, 
may  eventually  be  formed  about  at  the  level  of  high  water  mark,  if 
the  land  should  remain  at  a  given  level  for  a  long  period  of  time. 
This  appears  to  me  to  have  been  the  mode  of  induration  of  many  of 
the  hard  strata  of  limestone  found  in  various  places,  just  about  at 
high  tide  level,  as  along  the  south  shore,  and  of  other  hard  lime- 
stones on  the  reefs. 

Such  hard  compact  limestones  have  been  called  by  some  writers 
the  *' base-rock,"  and  some  have  believed  that  they  represent  an 
older  formation,  underlying  the  whole  island. 

Mr.  A.  Agassiz,  however,  considered  them  as  formed  from  ordi- 
nary aeolian  limestones,  of  any  age,  indurated  by  the  action  of  the 
sea  water  and  air,  and  not  indicating  any  particular  period.  Both 
views  are  true  in  part. 

Superficial  induration  of  the  kind  to  which  Mr.  Agassiz  refers  is 
common  enough,  as  described  above,  but  it  does  not  convert  thick 
strata  of  limestone  over  wide  areas,  and  above  sea-level,  into  a  com- 
pact marble-like  limestone,  of  very  uniform  character ;  such  as  we 
find  in  much  of  the  so-called  "  base-rock "  of  the  south  shores. 
Doubtless  hard  limestones  of  various  periods  have  been  massed 
together  under  the  name  of  "  base-rock,"  and  the  name  is  therefore 
misleading  and  better  be  abandoned. 

Similar  hard  limestones  occur  locally  at  various  higher  levels, 
often  much  above  the  level  of  the  sea,  and  they  have  often  been 
quarried  for  building  stones.  Some  of  these  belong  to  the  earlier  or 
"  VValsingham  formation  "  and  are  associated  with  the  ancient  red 
clay  and  extinct  land  shells.  But  others  are  of  later  origin  and  are 
only  unusually  hard  and  compact  portions  of  the  ordinary  seolian 
limestones. 

Perhaps  the  unusual  induration  of  such  layers,  distinctly  above 
sea-level,  may  be  connected  with  the  somewhat  variable  zone  or 
level  of  underground  fresh  water  in  the  rocks,  for  no  doubt  such  a 
zone  exists  here,  as  elsewhere,  in  spite  of  the  porosity  of  the  rocks.* 

*  Artesian  wells  on  the  higher  lands  have  yielded  water  in  a  few  cases. 
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Percolating  calcareous  waters  would  be  arrested  at  such  a  level, 
and  deposit,  just  above  it,  by  cooling  and  evaporation,  much  calcare- 
ous material,  for  it  would  occupy  a  zone  in  which  evaporation  would 
be  taking  place  in  dry  weather  and  through  capillary  action.  This 
process,  if  long  continued,  would  form  strata  of  hard  limestone,  but 
not  necessarily  of  any  particular  period. 

The  harder  strata,  especially  of  the  "  Walsingham  formation,"  are 
usually  overlaid  by  a  bed  of  red-clay  soil,  which  was  probably  orig- 
nally  occupied  by  vegetation.  The  dead  vegetable  matter  of  such 
a  soil  may  have  contributed  additional  carbonic  acid,  and  perhaps 
humic  acids,  to  the  percolating  rain  water,  and  this  may  have  has- 
tened the  solidification  of  the  underlying  rocks. 

Therefore  it  is  evident  that  no  very  definite  separation  of  these 
limestones  into  periods  or  formations  can  be  safely  made,  merely  on 
the  hardness  or  compactness  of  the  rocks,  though  in  general  the 
older  ones  are  likely  to  be  the  harder.  The  sands  have  been  con- 
tinually drifting  and  consolidating,  unequally  and  variously,  ever 
since  the  first  islands  rose  above  the  sea,  and  at  all  levels.  So,  like- 
wise, the  changes  in  elevation  and  subsidence  have  been  so  very 
gradual  that  they  have  produced  no  marked  periods  or  changes  in 
the  rock  formation,  except  locally.  We  can,  however,  distinguish 
an  earlier  period,  by  means  of  the  extinct  fossil  land  shells,  during 
which  the  climate  was  mare  favorable  for  vegetation  and  land-snails 

• 

than  at  present,  as  indicated  above. 

This  we  may  provisionally  refer  to  the  Pliocene.  It  was,  in  my 
opinion,  certainly  pre-glacial. 

H,     jPltoce?ie  Bermuda;   Walsingham  Formation, 

I  propose  the  new  name  "  Walsingham  formation  "  to  designate 
that  portion  of  the  older  Bermudian  strata  of  limestone  and  red  clay 
characterized  by  containing  several  species  of  extinct  land  snails,  of 
which  the  largest  and  most  abundant  is  the  Pcecihzonites  Nelsoni 
(Nelson's  snail ;  pi.  xxvi,  figs.  5-8). 

a.     Compact  Limestones, 

The  most  prominent  and  characteristic  of  the  rocks  are  the  com- 
pact and  hard  aeolian  limestones  which  have,  in  many  places  and 
over  wide  areas,  become  so  highly  infiltrated  with  caloite,  that  the 
original  sand-drift  structure  has  been  obscured  or  lost,  so  that  they 
sometimes  appear  to  be  in  thick  massive  strata,  forming  durable 
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building  fitones.  But  in  many  other  places  these  rocks  have  remained 
friable  or  soft,  with  well  marked  sand-dnft  structure.  In  some  cases 
they  include  layers  or  pockets  of  imperfectly  consolidated,  or  loose, 
shell-sand.  Between  the  layers  of  limestone  are  successive  layers  of 
"red-clay," — a  decomposition  product,  representing  ancient  soils, 
and  often  containing  numerous  extinct  land-snails.  The  red-clay 
may  be  more  or  less  indurated  by  the  infiltrations  of  calcito,  or 
stalactitic  materials,  with  which,  and  the  shells,  it  sometimes  forms 
a  breccia-like  reddish  mass  (fig.  45).  The  fossil  land-snails  occur  in 
the  limestone,  whether  it  be  consolidated  or  friable,  but  are  most 
abundant  in  those  portions  connected  with  the  layers  of  red-clay, 
especially  in  and  just  above  the  latter. 

Most  of  the  larger  caverns  and  sinks,  like  those  of  Walsingham 
and  vicinity,  have  been  formed  in  this  formation,  which  seems  to 
contain  the  oldest  rocks  now  exposed  to  view  on  the  islands,  and  to 
form  the  nuclei  of  the  larger  hills.  It  is  found  at  all  levels,  from 
below  low-tide  mark  to  the  elevation  of  70  feet  or  more.  Its  hard 
compact  layers,  exposed  in  many  places  on  the  south  side  of  the 
main  island,  just  above  high- water  mark,  are  those  that  have  been 
called  "base  rock"  by  Heilprin,  Rice,  and  others,*  and  "the  lime- 
stone "  by  Stevenson,  but  they  are  of  the  same  nature  as,  and  essen- 
tially contemporary  with,  those  that  occur  elsewhere  at  greater  eleva- 
tions, as  shown  by  the  overlying  red  clay  and  extinct  snails.  The 
best  examples  of  the  so-called  molds  and  casts  of-"  palmetto  stumps  " 
also  occur  in  this  formation  (see  plates  xix,  xx),  showing  that  the 
latter  might  have  been  due  to  some  extinct  and  unknown  plant  or 
animal. 

This  formation  outcrops  in  numerous  places  on  the  ancient  Wals- 
ingham property,  between  Castle  Harbor  and  Harrington  Sound, 
hence  the  name  given  to  it.  It  seems  to  form  most,  if  not  all,  of  the 
high  neck  of  land  separating  those  two  bodies  of  water,  for  it  out- 


*  Pi'ofessor  Rice,  op.  cit.,  p.  9,  1884,  stated  that  the  so-called  base  rock  ''  does 
not  uniformly  underlie  the  softer  rocks,  nor  is  there  any  evidence  that  it  is  older 
than  they."  He  apparently  referred  to  all  the  hard  limestones  of  drift-sand 
origin,  near  sea-level,  taken  collectively.  Agassiz,  1895.  held  essentially  the 
same  view. 

But  Stevenson,  1897,  claimed  that  this  rock,  which  he  called  "limestone," 
represented  a  distinct  formation,  underlying  'the  ordinary  seolian  limestone, 
which  he  called  '^sandstone."  However,  he  considered  the  limestones  and  red 
clays,  containing  extinct  snails,  around  Castle  Harbor  and  Harrington  Sound,  as 
a  newer  formation,  "  The  intermediate  deposit,"  of  the  same  age  as  the  beach- 
limestones.     With  this  conclusion  I  do  not  agree. 
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crops  by  tKe  roadside,  nearer  the  Harrington  House,  nearly  at  the 
highest  part  of  the  ridge,  perhaps  fifty  or  sixty  feet  above  the  sea. 
Near  the  Walsingham  house  there  are  several  deep  sinks,  filled  with 
sea  water,  and  used  as  fish  ponds  and  turtle  ponds,  which  are  formed 
in  these  rocks. 

The  famous  Walsingham  caves  (pi.  xxi,  fig.  2)  with  large  stalac- 
tites,* Joj'^ce's  Cave,  and  several  other  similar  caverns  in  this  dis- 
trict are  in  this  formation,  for  the  hard  limestone,  near  the  entrances, 
contains  the  red  soil  and  Nelsonian  snails.  There  are  many  other 
outcrops  of  the  same  limestone,  associated  with  red-clay  breccia,  and 
often  completely  filled  with  masses  of  the  large  Nelsonian  snails,  on 
the  land  of  Mr.  W.  S.  O.  Peniston.  The  interesting  Peniston  cave,t 
*  with  only  one  small  entrance,  which  is  on  the  top  of  a  higher  ridge, 
east  of  the  Harrington  House,  also  appears  to  be  in  the  same  rock, 
though  I  found  no  fossil  snails  just  there.  The  cave  dips  downward 
with  a  steep  slope  to  below  sea  level,  for  there  is  a  pool  of  sea  water 
in  the  bottom.     The  slope  is  said  to  be  over  80  feet  deep. 

There  is  an  excellent  exposure  of  the  Walsingham  formation  at 
the  old  quarry  on  the  west  side  of  Castle  Harbor,  and  near  Paynters 
Vale.  Here  the  hard,  compact  limestone,  formerly  quarried  for 
government  works,  is  several  feet  above  the  sea-level. 

The  harder  limestone  is  here  overlaid  as  usual  with  a  layer  of  red 
clay,  which  is  more  or  less  indurated  in  places,  or  united  into  brec- 
ciated  masses  mixed  with  stalagmitic  material  and  several  extinct 
land  shells,  especially  the  large  Nelsonian  snails  (fig.  45-47;  also  pi. 
xxvi).  With  these  land  snails  numbers  of  a  large  marine  spiral 
shell  ( Livona  pica,  ^g.  60)  are  often  found  here.  These  shells  were 
carried  from  the  beaches  up  over  the  hills  in  those  days,  just  as  they 
are  today,  by  the  large  land  hermit-crabs,  who  use  them  for  shelter. 
Part  of  the  red  clay  is  here  contained  in  pockets  or  cavernous  places 
in  the  limestone.  The  fossil  land  snails  occur  here  in  the  limestone 
as  well  as  in  the  red  clay  material.  At  this  quarry  much  of  the 
harder  limestone  shows  distinct  sand-drift  structure,  which  is  still 
more  evident  in  the  rocks  below  and  above  it. 

The  Walsingham  limestone,  with  red-clay  breccias,  outcrops  at 
many  other  places  on  the  southwest  and  south  sides  of  Castle  Harbor. 


♦  See  these  Trans.,  vol.  xi,  plates  xo-xciii,  and  "  The  Bermuda  Islands,"  p.  58, 
plates  xc-xciii. 

t  See  these  Trans.,  vol.  xi,  pp.  438,  471,  pi.  xolli,  and  **  The  Bermuda  Islands," 
pp.  36,  59,  pi.  xciii,  figs.  1,  2.     Also  below,  Chapter  16,  B. 
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It  seems  to  form  most  of  the  narrow  neck  of  land  that  extends  from 
Tucker's  Town  eastward  to  Castle  Point.  The  extinct  fossil  land 
snails  occnr  at  many  localities  in  this  districts 

Thus  it  seems  to  be  continuous  along  the  shores,  from  the  point 
near  Coney  Island  to  Castle  Point,  a  distance  of  several  miles. 
Apparently  most  of  the  rocks  of  Hamilton  Parish  belong  to  this 
formation.  It  occurs  also  at  Tuckers  Town  and  on  the  shores  of 
Harrington  •Sound.  Sharks  Hole,*  with  the  cliffs  west  of  it,  and 
Devil's  Hole  seem  to  be  excavated  in  the  Walsingham  formation, 
though  only  very  few  imperfect  fossils  were  found  at  those  places. 
The  hard  rocks  on  Pear  Island  and  Trunk  Island  are  probably  of 
the  same  age. 

Mr.  A.  Gulick  records  a  locality  on  the  west  side  of  Knapton  Hill, 
near  the  west  end  of  the  sound,  where  a  layer  of  red  earth,  about 
8  to  10  inches  thick,  and  containing  several  ^characteristic  species  of 
fossil  snails,  rests  on  a  limestone  of  this  formation. 

It  occurs  along  the  roadside,  from  Bailey  Bay  to  near  the  cause- 
way, for  I  have  found  good  specimens  of  P,  Nelsoni  in  it  at  several 
places  there.  I  also  found  it  in  the  ledges  outcropping  near  the 
shore  at  Mr.  Seon's  beach,  Bailey  Bay. 

On  Bailey  Bay  Island  it  occurs  near  the  sea-level,  on  the  north 
side,  and  extends  to  an  unknown  depth  below  it.  At  this  place  I 
have  obtained  P.  Nelsoni  from  ledges  submerged  even  at  low  tide. 
Similar  hard  rocks  occur  on  other  small  islands,  and  on  the  shores 
farther  westward,  but  as  they  have  not  yielded  the  fossil  snail  (P. 
Nelsoni)y  they  cannot  now  be  reTerred  to  this  formation  with  any 
certainty.  The  same  is  true  of  the  hard  limestones  forming  the 
upper  ledges  on  many  of  the  higher  hills.  They  may  belong  to  the 
Walsingham  formation,  but  this  cannot  be  demonstrated  until  extinct 
fossil  snails  occur.f 

It  apparently  outcrops  on  the  northern  side  of  Hamilton  Harbor. 
On  Ireland  Island,  Nelson  described  a  cavern  in  it,  containing  great 


*  These  Trans.,  p.  488,  pis.  Izxi,  Ixxiii  ;  ''  The  Bermuda  Ishinds,"  p.  26,  same 
plates. 

f  Some  of  the  species  of  Pascilozonites  that  are  found  as  fossils  are  still  living. 
This  is  notably  so  in  the  case  of  P.  Bermudensis  (pi.  xxvi,  figs.  1,  2  ;  pi.  xxvii, 
figs.  1,  a-/),  which  occurs  both  in  the  Walsingham  formation  and  in  the  later 
ones.  It  is  often  very  abundant  in  some  of  the  later  and  softer  limestones, 
retaining  conspicuous  bands  of  color.  The  fossil  variety  (variety  zonatOy  pi. 
xxvii,  fig.  2)  'is  rather  larger  and  thicker  than  the  recent  ones.  This  species, 
therefore,  cannot  be  nsed  for  determining  the  age  of  thei^  limestones. 
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numbers  of  P.  Nelsoni*  On  Tucker's  Island,  in  Great  Sound,  it 
contains  a  large  cavern,  supported  by  great  stalactitic  columns,  and 
with  several  feet  of  sea  water  over  its  floor.  I  observed  the  red- 
clay  and  stalactitic  breccia,  containing  the  Nelson's  snail,  in  the 
ledge  near  its  entrance,  and  in  other  places  on  the  island. 

It  has  also  been  recorded  as  occurring  on  St.  George's  Island.  I 
did  not  find  the  extinct  snails  in  that  vicinity,  but  had  little  time  to 
search  for  them  there. 

Professor  Rice,  however,  described  a  very  hard  limestone,  of 
seolian  origin  and  containing  fossil  land  snails,  as  occurring  at  the 
old  quarry  at  Stocks  l*oint.  It  was  overlaid  by  a  local  deposit  of 
beach  rock,  containing  many  marine  shells  (see  below,  p.  75).  This 
section,  therefore,  agrees  completely  with  many  of  those  on  the  south 
shore  of  the  Main  Island,  described  below. 

Excellent  exposure  of  the  hard  Walsingham  limestone  occurs  at 
many  places,  just  above  high  water  mark,  on  the  south  side  of  the 
Main  Island,  from  west  of  Tucker's  Town  to  Elbow  Bay,  and 
perhaps  further. 

The  best  examples  that  I  saw  are  at  the  foot  of  a  low  bluff,  near 
Hungry  Bay,  where  the  harder  layers  had  been  quarried  by  blasting. 
A  good  series  of  photographs  of  the  rocks  along  this  bluff,  some  of 
which  are  reproduced  in  my  plates,  were  made  in  the  spring  of  1901, 
by  A.  H.  Verrill.  A  violent  hurricane,  not  long  before,  had  washed 
away  the  debris  and  cut  away  the  softer  overlying  rocks,  so  as  to 
show  all  the  strata  very  beautifullyf  (see  fig.  11). 

The  hardest  stratum  (b)  at  this  place  is  about  one  and  a  half  to 
two  feet  thick,  and  has  been  blasted  off  for  building  purposes.  It  is 
a  very  compact,  white  limestone,  almost  like  marble  in  some  places, 
and  often  with  no  trace  of  sand-drift  structure,  though  showing  this 
at  times  in  the  continuation  of  the  same  section.  It  is  overlaid  in 
some  places  by  a  thicker  and  somewhat  softer  stratum  {b')  of  the 
same  nature. 

The  latter  carnes  on  its  upper,  nearly  level,  and  somewhat  eroded 
surface,  portions  of  a  firmly  adherent  layer  of  indurated  red  clay, 
commencing  in  which,  at  one  place  (plates  xix,  xx),  there  are  large 
numbers  of  those  cavities  called  molds  of  "  palmetto  stumps,"  men- 
tioned above,  some  of  which  penetrate  into  the  hardest  stratum  of 


*  See  his  description  of  the  cavern,  quoted  helow,  p.  82. 

f  See  pis.  xvi-xx;  also  these  Trans.,  xi,  pis.  Ixxxiv-vi ;  and  ''The  Bermnda 
Islands,'*  same  plates.  See  discussion  of  their  nature  in  chapter  24,  Paleontology. 


A.  JE  Verrill — 77ie  Bermuda  Islands;  Geology.  73 

Walsingham  limestone,  while  others  only  reach  its  upper  surface,  or 
fail  of  that  even.  The  hardness  of  the  rock  seemed  to  have  had  no 
influence.     They  may  have  been  formed  before  it  was  hardened. 

Above  the  red  clay  surface  there  is  here  a  deposit  of  beach-rock 
(c),  three  or  four  feet  thick  in  some  places,  and  containing  many 
marine  shells.  The  latter  is  irregularly  laminated,  and  locally 
variable  in  thickness  and  character.  It  appears  to  have  been  a  true 
marine  deposit,  formed  below  high-water  mark,  but  now  elevated 
five  to  eight  feet  above  it. 

This  is  overlaid,  along  most  of  this  exposure,  by  a  layer  of  drift- 
sand  {d)  which  is  only  slightly  consolidated  and  friable  to  the  touch, 
especially  in  its  upper  part.  Hence  the  storm,  referred  to  above, 
readily  cut  it  out  into  the  cavernous  or  oven-like  places,  shown  in 
some  of  the  plates,  under  the  overlying  strata  (e)  of  later  seolian 
limestones,  which  are  here  well  indurated.  The  unconsolidated 
layers  contained,  in  the  lower  part,  some  fragments  of  marine  shells. 
There  were  mostly  small  valves  of  Mytilus  and  other  light  bivalves, 
easily  drifted  by  the  wind,  but  in  its  upper  part  it  contained  the 
land  snail,  PoRcUozonites  Bermudensis  (plate  xxvii),  which  is  still 
living,  and  there  were  no  extinct  forms  found  with  it. 

Following  this  exposure  westward  the  unconsolidated  beds  soon 
disappear  or  become  so  consolidated  that  they  cannot  be  distin- 
guished from  the  overlying  aeolian  limestones,  which  continue.  The 
beach-rock  also  disappears  locally,  so  that  the  upper  seolian  lime- 
stones may  rest  directly  on  the  Walsingham  limestone,  though 
unconformably. 

The  arrangement  of  this  series  of  rocks  is  almost  the  same  at 
various  other  places,  as  at  Devonshire  Bay.  It  was  observed  there, 
both  by  Rice  (1884)  and  Stevenson  (1897,  p.  105),  underlying  the 
beach-rocks  containing  marine  shells,.  Professor  Stevenson's  descrip- 
tion will  be  quoted  below,  under  beach -rocks. 

It  happens  that  the  hard  limestones  of  this  formation  occur  along 
much  of  the  southern  coast  of  the  island,  just  above  sea-level  ; 
between  tides ;  or  more  or  less  submerged.  In  many  places  the 
strata  lie  nearly  horizontally,  though  not  always  so.  In  case  these 
nearly  horizontal,  compact  beds  outcrop  between  tides,  or  a  little 
below  low- water  mark,  they  will  resist  the  erosion  of  the  waves 
much  more  effectually  than  the  softer  overlying  limestones  of  later 
age.  Thus  they  are  sure  to  form,  under  such  conditions,  more  or 
less  extensive  "  benches  "  or  shelves,  between  tides  or  lower  down. 
The  waves   speedily  wear  away   the   layers   of  red   clay   and   the 
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unevenly  corroded  or  pitted  upper  surface  gives  good  opportunities 
for  the  commencement  of  the  formation  of  '*•  pot-holes,"  large  and 
small,  by  the  scouring  action  of  the  sand  and  rushing  waters.  Prob- 
ably some  of  the  deeper  and  narrower  cups  or  pot-holes  on  the  ser- 
puline  atolls  are  directly  dne  to  remodelling  and  enlarging  the  cavities 
called  molds  of  "palmetto  stumps,"  which  often  abound  in  this 
limestone  much  above  sea  level,  as  well  as  between  tides.  (See  chap- 
ters 20  and  24,  b.) 

It  seems  evident  to  me  that  the  vast  number  of  durable  flat  reefs, 
littoral  shelves,  submerged  benches,  and  serpuline  atolls,  all  along 
the  south  coast,  are  due  largely  to  the  outcroppings  of  these  hard, 
nearly  horizontal  limestone  strata,  which  have  just  the  right  nature 
and  position  to  easily  yield  such  flat  structures,  by  the  erosive  action 
of  the  waves.  (See  figures  11,  27-29.)  But  I  do  not  wish  to  deny 
that  similar  structures  can  be,  and  often  are  carved  from  ordinary 
eeolian  limestones,  especially  when  the  layers  are  horizontal  or  nearly 
so,  as  Mr.  Agassiz  states. 

I  am,  therefore,  inclined  to  believe  that  most  of  the  serpuline 
atolls  and  outlying  flat  reefs  of  the  south  coast  are  composed  of  the 
hard  limestones  of  the  Walsingham  period.  But  I  do  not  know  that 
the  characteristic,  extinct,  fossil  land  snails  have  as  yet  been  found 
in  these  reefs.  As  a  rule,  these  solid  limestones,  in  this  vicinity,  are 
destitute  of  recognizable  fossils. 

ft.     Red  Clay  layers^  with  extinct  Land  Snails, 

That  the  Walsingham  formation,  which  I  refer  to  the  Pliocene, 
represents  a  long  period  of  time,  is  evident,  not  only  on  account  of  the 
great  thickness  of  its  limestone  strata,  but  also  from  the  successive 
layers  of  red-clay  soil  interstratified  with  them,  as  described  above. 
Each  of  these  layers  of  soil  indicates  a  long  time  for  surface  decom- 
position, and  locally  without  sand-drifting.  Six  or  seven  of  these 
layers  of  soil,  varying  in  thickness,  have  been  noticed  in  some  sec- 
tions; most  of  them  are  only  2  or  3  inches  thick,  but  some  are  8  to  10 
inches  or  more. 

It  is  thought  that  it  would  require  the  solution  of  at  least  150 
feet  of  limestone  to  form  a  single  foot  of  this  soil,  not  allowing 
anything  for  that  portion  which  would  naturally  be  washed  away 
by  rain.     (See  chapter  20,  A.) 

Prof.  T.  W.  Goldie,  in  his  printed  lecture  on  the  Geological 
Formation  of  Bermuda,  1893,  pp.  14, 15,  mentioned  a  "belt  or  layer" 
of  "  red  clay  "  soil,  8  inches  thick,  underlying  the  aeolian  limestones 
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near  Hamilton.  This  layer  was  about  60  to  70  feet  above  sea-level 
and  at  about  130  feet  below  the  surface  of  the  hill.  It  was  found 
in  making  a  boring  for  a  well  at  the  military  establishment  on  Pros- 
pect Hill.  The  layer  of  red  clay  was  underlaid  by  strata  of  compact 
limestone.  Perhaps  this  was  a  part  of  the  Walsingham  formation. 
A  similar  layer  of  red  clay  outcrops  between  limestones  on  Bishop 
Street,  in  Hamilton.  It  is  about  60  feet  above  the  sea.  From  this 
layer  the  sample  of  "  virgin  red  soil "  was  taken  for  analysis  by  Mr. 
Manning*  (sample  No.  3). 

15,      Beach-rock    with  Marine  Fossils ;     Devonshire  formation; 

Champlain  Period. 

That  beach-rocks,  containing  the  common  marine  shells  of  the 
shores  and  shallows,  are  still  in  process  of  formation  locally,  on 
many  parts  of  the  shores,  is  plainly  to  be  seen  by  any  one  who 
observes  such  phenomena  critically.  They  are  formed  of  the  sands, 
coarse  and  fine,  which  are  tossed  up  toward  and  above  high  water 
mark  by  the  waves,  and  often  in  their  upper  parts  blended  with 
finer  sands  that  have  dried  and  then  drifted  along  the  beaches  with 
the  winds.  Exposed  alternately  to  the  action  of  the  sea  water,  rains, 
and  air,  they  often  harden  rather  rapidly,  as  explained  above,  into 
compact  masses  of  limestone,  usually  of  small  extent,  and  with 
thickness  varying  greatly  within  short  distances.  The  larger  marine 
shells  found  in  them  are  mostly  broken  by  the  waves,  but  many  are 
entire. 

These  modern  deposits  are  seldom  more  than  three  or  four  feet 
above  high  tide,  and  are  most  frequent  in  partially  sheltered  bays 
and  coves. 

Many  of  them  are  constantly  being  washed  away  by  more  violent 
gales,  or  by  waves  from  some  different  direction,  so  that  only  a  few 
become  permanent.  At  certain  places  the  modern  sand-dunes  have 
encroached  upon  and  buried  such  beach  deposits. 

•It  is  evident  that  the  same  phenomena  have  been  taking  place  in 
all  previous  periods  of  the  geological  history.  But  as  the  islands 
have  subsided  about  100  feet,  it  must  be  evident  that  all  the  older 
deposits  of  this  nature  must  now  be  buried  beneath  the  sea.  The 
only  beach  deposits  of  much  antiquity  that  we  could  expect  to  find 
would  be  those  formed  at  some  period  when  the  islands  stood  at  a 
slightly  lower  level  than  now,  in  the  Champlain  or  post-glacial 
period  (see  p.  61). 


*  See  these  Trans.,  xi,  p.  493,  table ;  also  ''The  Bermuda  Islands,"  p.  81. 
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a.     Devonshire  formation. 

Some  of  the  older  and  more  elevated  beach-rocks  indicate  that 
they  were  formed  in  such  a  period  of  depression.  Some  of  these 
now  lie  12  to  16  feet  above  the  sea,  and  by  the  fine  character  of  the 
materials  and  good  condition  of  the  shells,  appear  to  have  been 
formed  in  comparatively  quiet  waters,  and  not  tossed  up  by  hurri- 
canes, as  Mr.  Agassiz  supposed.  No  doubt  some  of  the  coarser 
deposits,  with  broken  shells,  only  3  or  4  feet  above  the  sea,  as 
described  by  him,  may  have  been  tossed  up  by  violent  gales,  for  we 
know  that  recent  Bermuda  hurricanes  have  thrown  broken  shells,  as 
well  as  rocks  of  considerable  size,  to  the  height  of  10  to  15  feet,  or 
even  more,  above  high  tide.  But  their  action  is  much  more  destruc- 
tive than  formative.  No  one  has  seen  them  leave  regular  thin-bedded 
deposits  of  fine  materials  and  entire  shells  at  any  such  elevations. 
The  evidence,  therefore,  at  present,  is  that  the  more  elevated  beach- 
rocks  are  of  Champlain  age,  and  were  mostly  deposited  in  partially 
sheltered  bays  and  lagoons,  where  violent  sea  waves  did  not  enter 
with  great  force.  Yet  in  later  times,  the  barrier  reefs  or  islands 
protecting  them  having  been  worn  away,  some  of  them  have  come 
to  be  exposed  on  the  outer  shores,  especially  along  the  southern  side 
of  the  main  island  (fig.  11).  They  are  best  displayed,  perhaps,  on 
the  south  coast  of  Devonshire  Parish,  and  therefore  I  propose  to  call 
them  the  Devonshire  formation^  for  a  distinctive  name. 

Professor  Rice  (1884,  pp.  10-14)  studied  these  rocks  with  much 
care.  But  he  did  not,  in  all  cases,  distinguish  between  the  beach- 
rocks  and  the  underlying  hard  aeolian  limestones  of  the  Walsing- 
ham  formation.  Moreover,  he  supposed,  like  Heilprin,  that  they 
belonged  to  an  earlier  period  than  I  do,  and  that  they  underlaid 
the  ffiolian  limestones  generally,  just  as  the  Walsingham  limestones 
do,  instead  of  being  of  much  later  origin  than  the  latter,  and 
localized,  or  of  small  extent,  as  I  believe. 

Stevenson,  also  (1897,  p.  103),  held  a  similar  view.  He  called 
them  "the  intermediate  deposits,"*  believing  that  they  were 
deposited  directly  over  the  Walsingham  formation,  and  earlier  than 
the  ordinary  aeolian  limestones.  So  far  as  their  position  is  concerned, 
in  many  of  the  outcrops,  their  views  were  correct.  But  according 
to  my  observations,  these  rocks  are  much  later  and  more  local 
than  they  apparently  supposed.     Yet  they  are  old  enough  to  have 

*  Part  of  the  rocks  to  which  he  gave  that  name  are  of  sand-drift  origin  and 
belong  to  the  Walsingham  formation. 
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been  covered  in  some  places  by  a  considerjtble   thickness  of  late 
feolian  limestones,  as  shown  in  fig.  1 1. 

Mr.  Agassiz,  however,  took  the  extreme  opposite  view,  and 
believed  that  thej  are  all  of  ryodern  origin,  and  formed  since  the 
islands  attained  their  present  level.  He  believed  that  all  the  mate- 
rials, even  of  the  most  elevated  beds,  were  carried  up  the  beaches  by 
the  waves  and  winds,  to  the  heights  at  which  they  are  now  found. 

My  own  conclusions  are  intermediate,  for  I  consider  them  local 
shore  and  shallow  water  deposits  of  different  periods.  The  older 
and  higher  ones  I  believe  to  have  been  formed  at  a  period  when  the 
land  stood  at  least  10  to  15  feet  lower  than  now,  as  explained  above. 
Others  are  still  forming.  The  older  ones,  especially,  are  worthy  of 
more  careful  studies. 

Lieut.  Nelson,  1840,  was  the  first  to  describe  a  genuine  beach 
formation  with  marine  fossils,  at  Bermuda.  It  seems  to  have  been 
one  of  the  older  ones,  resting  on  Pliocene  limestone.  His  descrip- 
tion was  as  follows  : 

"The  most  interesting  organics  with  which  I  have  met  were  in 
the  rock  now  inclosed  by  the  North  Bastion  at  Ireland  Island. 
Whilst  cutting  the  escarp  of  this  work,  a  large  block  of  reef  was 
discovered  in  the  solid  rock  fifteen  or  twenty  feet  from  tie  surface, 
and  at  about  four  feet  above  high  water.  This  specimen  contained 
Moeandrina  areolata*  I  he  common  MytUus  of  the  coast  [M.  adustus\ 
retaining  its  black  colour,  and  a  pink  Millepore  [Polytremacis  f]  very 
common  in  the  serpuline  reefs.  This  spot,  conceiving  the  truncated 
strata  of  Ireland  I.  to  be  restored  to  their  proper  form,  must  have  been 
at  the  very  apex  of  the  saddle,  and  is  perfectly  distinct  from  the 
loose,  soft,  and  newer  sandstones.  Above  the  level  of  this  spot  lie 
the  strata,  a,  cr,  fig.  8,  which  for  some  hundred  yards  along  the 
north  side,  consist  chiefly  of  a  hard  subcrystalline  limestone." 

"  In  the  centre  of  this  rock  was  a  cavern  ;  and  entangled  amongst 
the  stalagmitic  lining  (as  well  as  in  that  of  other  caves  and  crevices), 
or  else  lying  in  heaps  in  the  loose  red  earth  within,  we  found  abund- 
ance of  a  large  and  delicate  Helix  [=  Paecilozonites  Niel«07ii].^^        • 

This  statement  regarding  the  loose  red  soil  and  stalagmitic 
materials  containincr  this  extinct  snail,  indicates  that  the  clav  and 
underlying  rock  belonged  to  the  Walsingham   formation,  for  the 


*  This  specimen,  which  is  still  preserved  in  London,  has  been  recently  iden- 
tified as  Mycetophyllia  Lamarckana  by  Gregory.  I  have  referred  this  species  to 
MuBsa  (these  Trans.,  xi,  p.  68,  note).  If  correctly  named  by  Gregory,  it  is  not 
known  to  inhabit  Bermuda  at  this  time. 

Trans.  Conn.  Acad.,  Vol.  XII.  6  June,  1905. 
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conditions  are  like  those  of  the  quarry  at  Paynter's  Vale,  described 
above  (p.  70).  This  beach-rock  was  evidently  a  very  local  deposit. 
It  must  have  been  much  later  than  the  red  clav  and  limestone 
below  it.  It  could  not  have  been  of  the  same  period,  for  we  know 
that  part  of  the  older  rocks  containing  fossil  land  shells  occur  sub- 
merged some  45  feet  below  the  sea  at  the  dockj'ard,  in  the  immedi- 
ate vicinity.  Therefore  the  rock  containing  marine  fossils  must  have 
been  deposited  at  some  period  after  the  submergence  of  the  Walsing- 
ham  formation  to  at  least  that  amount. 

Among  other  instances,  Nelson  mentions  a  locality  of  beach-rock 
on  Long  Bird  Island,  not  described  by  later  writers: 

*'  The  last  individual  animal  organic  which  I  shall  mention  is  a 
SlrombuSy  which  I  chiselled  out  at  Long-bird  Island,  and  had  the 
cavities  in  the  substance  of  the  shell  iilled  with  crystallized  carbon- 
ate of  lime.  1  may  terminate  this  list  com|)rehensively  by  saying 
that  almost  every  shell  now  known  in  the  surrounding  sea  may  be 
found  in  the  rock  quite  perfect,  except  with  regard  to  colour,  espe- 
cially among  the  newer  beds  on  the  sea  coast." 

A  local  deposit  of  beach-rock  or  ''conglomerate,"  with  marine 
fossils,  occurring  at  an  old  quarry  on  Stock's  Point,  St.  George's 
Island,  has  been  described  by  Rice,  Stevenson,  and  others.  It  is 
said  to  have  been  of  greater  extent  and  height  formerly.  It  varies 
from  1  to  6  feet  in  thickness*  The  marine  shells  contained  in  it  are 
mostly  broken.  It  lies  in  corroded  hollows  of  the  harder  underlying 
limestone,  and  to  the  height  of  about  1 2  feet  above  the  sea. 

This  deposit  of  beach-rock  was  described  by  Professor  Rice,  as 
follows: — 

"The  rock  which  has  been  quarried  there,  and  which  now  appears 
in  the  base  of  the  bluff,  is  a  very  hard  rock  of  subcrystalline  texture 
and  of  ferruginous  color.  It  shows  vestiges  of  irregular  lamination, 
and  contains  fossil  Helices  and  no  marine  fossils.  It  is  undoubtedly 
a  drift-rock,  like  that  at  Paynter's  Vale.  The  upper  surface  of  this 
rock  is  exceedingly  irregular,  giving  evidence  of  much  subaerial 
CFosion  preceding  the  deposition  of  the  overlying  strata.  It  is  over- 
lain by  a  remarkable  conglomerate,  evidently  a  beach-rock,  contain- 
ing fragments  of  the  underlying  hardened  drift-rock,  peculiar  ferru- 
ginous nodules,  compact  lumps  of  *red  earth,'  and  pretty  large 
marine  shells.  The  up])er  surface  of  this  conglomerate,  unlike  its 
lower  surface,  is  quite  regular — the  usual  plane  of  marine  deposition. 
This  conglomerate  is  overlain  in  places  by  a  stratum  of  sand,  like 
that  observed  at  Devonshire  Hay,  containing  shells  of  land  snails  in 
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its  uppermost  layers.  Above  this  sand,  where  the  sand  is  present, 
in  other  places  resting  immediately  upon  the  conglomerate,  is  the 
ordinary  drift-rock." 

b.  Foesile  of  the  Beach-rocks. 
As  mentioned  above,  marine  shells  are  often  abundant  in  these 
rocks.  Most  of  them  are  species  stilt  living  about  the  islands, 
though  of  these  some  are  now  rare  and  much  smaller  than  the  foKsils. 
In  the  chapter  on  Paleontology,  I  shall  give  a  rough  list  of  these 
fossils  hitherto  recognised.  Unfortunately  collectors  have  not  desig- 
nated, in  moat  cases,  the  exact  localities  where  their  specimens  were 


Figure  11.— Diajirammatic  eectioa  weat  of  Hnngry  Bay,  soutb  shore ;  b,  V,  strata 
of  hard  WalsiDgbam  limestone,  contftining  cylinilric  holes,  p,  commonly 
called  molds  of  "  palmetto  stumps,''  and  overlaid  by  indurated  red-clay  ;  o. 
Beach-rock  or  Devonshire  formation,  containing  marine  fossils;  d,  beds 
of  imperfectly  consolidated  drift-sand,  overlying  c;  e.  later  teoliaa  lime- 
stones containing  only  recent  land  shells  ;  9.  diagrammatic  section  of  small 
serpnline  atoll,  near  the  shore;  ur,  ic',  level  of  Ligh-water  and  low-water 
mark.     Original. 

obtained,  so  that  they  are  probably  of  different  periods.  Few 
recognizable  corals  have  occurred.  The  Munaa  or  Mi/cetophyllia 
obtained  by  Nelson  is  of  the  most  interest.  Near  Hungry  Bay,  I 
found  in  these  rocks  fragments  of  a  large  barnacle  (lialanus),  which 
I  have  not  seen  living  here. 

The  best  exposures  that  I  studied  were  between  Elbow  Bay  and 
Hungry  Bay.  These  have  been  mentioned  above  (p.  li),  and  some 
of  the  exposures  have  been  previously  figured  by  me.* 

•Plates  ivi-xi.  Also  these  Trans.,  xi,  p.  908,  plHtea  Uxiiv-lxxxvi  ;  "The 
Bermnda  Islands,"  p.  4S6,  same  plates. 
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At  these  places  the  beach  deposits  vary  in  thickness  from  1  or  2 
feet  up  to  4  feet  or  more.  They  are  irregular  and  variable  within  a 
few  hundred  feet.  They  are  rather  hard,  laminated,  with  pretty 
thin  layers,  which  dip  toward  the  sea  at  small  but  variable  angles. 
They  rest  either  directly  upon  the  flat  corroded  surfaces  of  the  hard 
Walsingham  limestones,  b  and  b\  or  upon  a  layer  of  partially  indu- 
rated red-clay  that  overlies  the  latter.  They  also  overlie  the  sur- 
face of  a  hard  limestone  (b')y  which  at  this  place  contains  reriiarkably 
perfect  examples  of  the  "fossil  palmetto  stumps."  (See  plates 
referred  to  above.)  These  beach -beds  contain  numerous  marine 
shells,  mostly  of  common  existing  species. 

The  beach-limestones  are  marked  c  and  c'  in  the  plates  and  in  the 
diagrammatic  section  (fig.  11).  In  the  best  sections  they  are  overlaid 
by  a  bed  of  very  imperfectly  consolidated  drifted  sand,  3  to  6  feet 
thick,  which  was  here  washed  out  into  cavernous  places  by  the  pre- 
vious hurricane  (see  p.  72).  But  a  short  distance  farther  west  these 
loose  beds,  or  their  equivalent,  become  gradually  harder  and  in  some 
places  cannot  be  distinguished  from  the  overlying  seolian  limestone 
(e,  e').  The  loose  sand-bed  contained  in  its  lower  parts  a  few  sepa- 
rated shells  of  marine  bivalves,  mostly  Mytilus^  and  numerous  speci- 
mens of  Poecilozonites  BermudenHis  in  good  preservation,  but  no 
extinct  species,  so  that  it  doubtless  belongs  to  the  newer  series.  In 
other  shore  sections,  in  continuation  with  those  figured,  the  beach- 
rocks  were  lacking  and  the  later  seolian  limestones,  like  e,  e\  rested 
directlv  on  b\ 

Professor  Stevenson's  description  of  the  locality  at  Devonshire 
Bay  was  as  follows: — 

"  The  intermediate  deposit,  or  marine  limestone,  covers  the  broadly 
irregular  surface  of  the  limestone.  It  reaches  to  the  water-level,  on 
the  southwest  side  of  the  old  fort,  but  is  seven  or  eight  feet  above 
it  on  the  northerly  side.  The  rock  is  hard  in  the  lower  portions, 
but  becomes  soft  above,  disintegrating  readily  and  passing,  as  far  as 
extent  of  consolidation  is  concerned,  verj'  gradually  into  the  over- 
lying deposit.  It  is  slightly  conglomerate  in  the  upper  portion. 
The  structure  is  very  similar  to  that  of  the  sandstone,  the  laminae 
being  thin  and  inclined  in  all  directions.  The  hardness  of  the  rock 
is  not  due  to  spray,  or  to  the  washing  of  the  present  tides,  since  it  is 
as  marked  on  the  northerly  as  on  the  southerly  side  of  the  fort. 
LivonQy  Chama,  Tellina  and  Area  occur  in  prodigious  numbers, 
the  shells  of  Livona  being  as  large  and  as  perfect  as  those  dredged 
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in  Castle  Harbor,  or  in  the  shallows  off  the  south  shore.*  The  other 
shells  give  equal  proof  of  having  been  deposited  in  comparatively 
still  water.  On  the  southerly  side  of  the  old  fort,  an  apparently 
complete  physical  break  between  the  intermediate  rock  and  the  sand- 
stone is  indicated  by  a  horizontal  line,  vet  the  passage  from  the 
lower  to  the  upper  rock  is  extremely  gradual,  while  above  the  line 
and  within  the  Helix  zone,  Area  and  Chama  were  seen  perfectly 
preserved,  the  open  valves  of  Arca^  in  one  case,  being  still  attached. 
The  condition,  for  a  time  at  least,  must  have  been  such  as  one  sees 
at  Tuckertown  today,  where  the  dune  is  encroaching  upon  the  bay." 

16.     Evidem^es  of  Subsidence. 

That  these  islands  have  undergone  a  considerable  amount  of  sub- 
sidence, since  the  time  of  Greater  Bermuda,  is  admitted  by  every 
geologist  who  has  studied  them,  but  they  differ  as  to  the  probable 
amount.  The  evidence  is  partly  derived  from  (A),  the  teolian  lime- 
stones, peat  bogs,  red  soil,  land  snails,  etc.,  dug  up  from  far  beneath 
the  sea  at  Ireland  Island,  and  in  dredging  and  blasting  the  ship 
channels;  (B)  from  the  fact  that  caverns,  sinks,  and  peat  bogs  on  the 
land  now  extend  much  below  sea-level,  although  they  must  have 
been  formed  above  it.  Stalagmites  and  stalactites,  formed  in  the  air, 
are  now  found  submerged  in  the  sea  water  in  the  caves;  (C)  from  the 
submarine  sinks,  sounds,  and  deep  water  channels,  which  give  every 
evidence  of  having  been  formed  by  running  water  when  the  land 
was  elevated  above  the  sea.  The  latter  are,  no  doubt,  the  more 
important  evidences,  but  the  former  appeal  more  to  those  who  are 
not  geologists. 

A.     Evidences  from  submerged  ^olian  limestones  and  Peat  bog:f. 

•  During  the  excavations  made  in  1870,  at  the  dockyard  on  Ireland 
Island,  to  accommodate  the  great  floating  dock,  series  of  aeolian 
limestones  were  penetrated  to  the  depth  of  52  feet  below  low  tide. 
At  the  depth  of  46  feet  below  sea-level,  a  stratum  of  peat  and  "red- 
earth,"  2  feet  thick,  was  found,  which  contained  vertical  stumps  of 
cedar  trees.  Below  this  were  again  strata  of  hard  teolian  limestones, 
at  least  4  feet  thick,  containing  fossil  land-snails  (said  to  have  been 
P.  Nelsoni  by  some  ;  P,  Bermudensis  by  others).    I  have  not  seen 


*  Prof.  Stevenson  was  probably  misinformed  as  to  its  existence  in  these  locali- 
ties.    So  far  as  I  know  it  is  extinct  in  Bermuda. 
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these  fossils.  If  this  snail  was  really  the  extinct  Nelson's  snail,  this 
lower  hard  limestone,  and  probably  the  associated  red-earth,  belonged 
to  the  Walsingham  formation. 

The  peat  and  stumps  may  have  belonged  to  a  later  period  than 
the  red-clay  and  the  limestone  below  it,  but  according  to  some 
accounts  the  fossil  snails  and  trees  were  all  found  in  the  layer  of  red 
soil.*  Bones  of  an  unknown  bird  are  also  said  to  have  been  found 
in  this  red  soil.  Probably  these  materials  were  not  taken  out  with 
sufficient  care  by  the  workmen  to  enable  any  one  to  determine  their 
exact  relations. 

In  dredging  out  the  channel  in  Hospital  Bay,  about  25  years  ago, 
large  numbers  of  the  trunks  of  cedar  trees,  in  pretty  good  preserva- 
tion, were  brought  up.  They  were  overlaid  by  a  peat  bog,  and  over 
this  was  a  deposit  of  shell-mud  and  shell-sand,  with  foraminifera,  etc. 

Masses  of  peat,  evidently  derived  from  a  submerged  peat-bog, 
were  dredged  up  by  me  and  my  party  in  1901,  in  the  channel  of 
"The  Reach,"  north  of  the  Swing  Bridge,  where  the  depth  of  water 
was  about  16  to  20  feet. 

A  bed  of  red-clay  was  found  between  layers  of  aeolian  limestones 
while  blasting  out  the  reefs  to  deepen  the  channel  at  the  entrance  of 
St.  George's  Harbor,  in  1847-8. 

Roots  and  stumps  of  cedar  trees  have  been  pulled  up  on  the 
anchors  of  vessels  several  times,  both  in  Hamilton  and  in  St.  George's 
Harbors.  There  is,  therefore,  good  reason  to  believe  that  Hamilton 
Harbor,  St.  George's  Harbor  and  the  "  Reach "  were  once  marshes 
or  peat-bogs,  with  cedar  trees  in  the  drier  parts,  like  the  Devonshire 
marshes,  for  example.  By  subsidence  and  the  encroachment  of  the 
sea,  the  peat  beds  have  been  buried  at  the  bottom  of  the  harbors 

Peat,  as  well  as  cedar  wood,  if  buried  under  the  salt-water  mud, 
would  last  almost  indefinitely.  If  openly  exposed  to  the  water,  the 
cedar  would  soon  be  destroyed  by  the  "  ship-worms "  ( Teredo)y 
which  abound  here. 

Such  peat  bogs  might  have  come  to  be  below  the  sea-level  by  a 
long  period  of  subsidence,  before  the  encroachment  of  the  sea,  just 
as  some  of  the  existing  peat  bogs  now  extend  far  below  sea-level. 
That  was,  indeed,  probably  the  case,  for  otherwise  the  sea  would 
have  rapidly  worn  away  the  peat  to  which  it  had  access  on  the  shore. 


*  See  Jones,  J.  M.,  Visitor's  Guide  to  Bermuda,  1878,  p.  119.  Also  **  Recent 
Observations  in  the  Bermudas,"  Nature,  vi,  p.  262,  1872 ;  ditto,  Amer.  Joum* 
Science,  Ser.  3,  vol.  iv,  p.  414,  1872.     Reprint. 
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^.     Evidences  of  Subsidence  derived  from  Caverns  and  Sinks, 

Among  other  structures  indicating  subsidence  are  the  various 
caverns,  with  large  stalactites  and  stalagmites,  now  depressed  more 
or  less  below  the  level  of  the  sea  and  filled  with  sea  water,  which  is 
said  to  be  at  least  30  feet  deep  in  some  of  them.  The  stalactites 
descend  into  the  sea  water  in  some  cases,  while  stalagmites  can  be 
seen,  through  the  clear  water,  rising  up  from  the  bottom. 

a.      Caverns  containing  Sea  water. 

In  the  large  cavern  on  Tucker's  Island,  the  bottom  is  covered  by 
6  to  10  feet  of  clear  sea  water,  beneath  which  I  saw,  in  1901,  many 
large  pointed  stalagmites  standing  upright,  but  not  reaching  the 
surface.  Some  of  these  were  more  than  a  foot  in  diameter.  This 
cavern,  which  was  then  open  to  visitors  on  payment  of  a  fee,  has  to 
be  explored  in  a  boat.  Its  roof  is  supported  by  large  stalactitic 
columns,  many  of  which  are  of  hardened  limestone,  thickly  encrusted 
with  dull  colored  stalactitic  material,  but  most  of  them  extend 
beneath  the  sea  water  to  the  bottom. 

Lieut.  Nelson,  1840,  described  a  partly  submerged  cavern  as 
follows  : 

"Tucker's  Island  cavern  was  a  perfect  bijou;  with  one  splendid 
exception  it  has  hitherto  stood  unrivalled  among  the  caves  of  Ber- 
muda. This  little  cavern  had  a  length  of  eighty  feet,  a  breadth  of 
about  fifty,  a  height  above  the  little  lake  within  of  at  most  fifteen, 
and  a  depth  below  its  surface  scarcely  exceeding  fourteen.  The 
stalactites  were  remarkably  clear  and  beautiful,  varying  from  the 
massive  pendant  of  six  or  seven  feet  in  length,  to  the  slender  incip- 
ient fragile  tube,  which  crumbled  at  the  slightest  touch.  It  was  a 
scene  not  to  be  readily  forgotten,  when  we  launched  a  little  boat 
into  the  miner's  first  and  narrow  opening,  through  which  the  sun 
shone  strongly,  and  reflecting  its  li;»ht  from  the  face  of  the  water 
upwards  and  with  power  to  the  sparry  fretted  ceiling  of  the  vault, 
illuminated  it  in  a  way  which  can  only  be  appreciated  by  those  who 
have  been  eye-witnesses  of  such  effects.  This  cave  was  shortly 
afterwards  destroyed,  as  interfering  with  the  safety  of  the  works." 

One  of  the  most  interesting  caves,  because  of  its  peculiar  situation 
and  its  elegant  and  profuse  pure  white  stalactites  and  drapery-like 
sheets  of  stalactitic  material,  is  Peniston's  Cave,  on  the  land  of  Mr. 
W.  S.  O.  Peniston.  It  was  not  open  to  the  public  at  the  time  of 
my  visit,  and  partly  on  that  account  its  stalactites  retained  their 
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original  purity  of  color.  The  entrance  is  near  the  top  of  a  wooded 
bill  somewhat  south  of  the  Harrington  House,  toward  Castle  Harbor. 
There  is  a  large,  dry,  cultivated  sink  to  the  northward  of  it.  The 
entrance  is  nearly  perpendicular  and  barely  large  enough  for  a  man 
to  enter,  it  being  only  the  wider  part  of  a  lissure.  The  fissure 
expands  below  to  form  the  cave.  The  floor  and  roof  both  slope 
rapidly  downward  for  about  80  feet.  The  open  space  is  at  times 
more  than  50  feet  wide.  The  height  of  the  roof  varies  from  4  or  5 
up  to  10  or  16  feet.  It  is  thickly  covered  in  most  places  with  mul- 
titudes'of  rather  small  stalactites,  though  large  ones  occur.  These 
stalactites  are  still  forming.  Water  was  dripping  from  most  of  them. 
Many  of  the  small  and  very  slender  ones  were  tubular  and  porous  at 
the  end,  and  had  a  drop  of  water  hanging  there,  in  which,  with  a 
lens,  loose  or  but  slightly  attached  crystals  of  calcium  carbonate 
could  be  seen  forming.* 

In  the  bottom  of  this  cavern  there  is  a  pool  of  very  clear  sea- 
water,  about  8  to  10  feet  deep,  so  that  it  goes  below  the  level  of 
Harrington  Sound  and  Castle  Harbor  to  that  depth,  but  the  connec- 
tion with  the  sea  is  probably  only  by  small  crevices.  No  fishes  live 
in  it. 

At  several  points  on  the  west  shore  of  Castle  Harbor,  opposite  the 
I^eniston  Cave  and  others  of  this  vicinity,  several  streams  of  clear 
salt  water  flow  out  from  holes  and  crevices  in  the  beach,  exposed  at 
low  tide.  Some  of  them  are  like  springs,  and  of  considerable  volume. 
The  water  may  come  from  the  caves,  or  even  from  Harrington  Sound. 
Such  localities  are  excellent  for  collecting  marine  invertebrates. 

The  whole  neck  of  land  between  Harrington  Sound  and  Castle 
Harbor  seems  to  be  cavernous.  Sharks  Holef  at  the  southeast  cor- 
ner of  Harrington  Sound  is  a  cavern  in  the  form  of  a  deep  archway, 
partly  submerged  beneath  the  water,  so  that  a  boat  can  row  in  50  feet 
or  more.  The  bottom  is  covered  with  large  broken  rocks,  among 
which  many  fishes  may  often  be  seen.  The  water  under  the  arch  is 
rarely  more  than  10  to  12  feet  deep.  Among  other  well  known 
caves  in  this  vicinity  are  Cooper's  Cave  and  Paynter's  Cave  ; 
Joyce's  Cave,  near  Coney  Island;  Convolvulus  Cave;  and  the  Wals- 
ingham  Caves.J 


*  See  these  Trans.,  pp.  438,  471,  pi.  xciii,  figs.  1,  2;  **The  Bermuda  Islands," 
pp.  26,  59,  pi.  xciii,  figs.  1,  2. 

f  Its  location  is  at  S.  H.  on  map  II.  See  these  Trans.,  xi,  p.  488,  pi.  Ixxiii; 
"The  Bermuda  Islands,"  p.  28,  pi.  Ixxviii. 

\  See  these  Trans.,  xi,  pp.  470,  471,  plates  xc-xcii ;  *'The  Bermuda  Islands," 
pp.  58,  59,  same  plates. 
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b.      Walsingham  Caves  and  Sinks, 

On  the  ancient  Walsingham  place,  near  the  northwestern  shore 
of  Castle  Harbor,  there  are  several  rather  large  caves,  excavated  by 
percolating  rain  water  and  fresh  water  streams  in  the  hard  limestones 
of  the  Walsingham  formation  (see  p.  70). 

One  of  these,  near  "  Tom  Moore's  Calabash  Tree,"  has  at  present 
no  sea  water  in  it.  It  has  two  entrances,  one  of  which  is  on  consider- 
ably higher  land  than  the  other.  From  this  the  path  descends 
rapidly  into  a  long  irregular  colonnade,  bordered  on  each  side  with 
large  stalactitic  columns,  and  hung  with  large  stalactites.  In  some 
places  it  enlarges  into  vaulted  rooms  of  considerable  height.  The 
second  entrance  opens  at  a  much  lower  level  into  a  very  evident  dry 
sink,  covered  at  present  with  woodland.* 

This  cavern  seems  to  have  been  at  one  time  the  subterranean 
channel  of  a  stream  of  water  of  considerable  volume.  Probably  it 
was  connected  directly  with  several  other  caves,  some  of  which  are 
now  represented  only  by  the  adjacent  sinks. 

Near  by,  but  on  lower  land,  there  is  a  large  cave  with  a  single 
room.  It  has  a  high  sloping  roof,  from  which  hang  great  numbers 
of  stalactites,  some  of  them  of  large  size,  many  over  a  foot  in  diame- 
ter and  perhaps  6  to  10  feet  long.  This  cavernf  has  a  deep  pool  of 
sea-water  covering  most  of  its  floor.  It  is  said  to  be  15  to  20  feet 
deep  in  the  deepest  parts,  which  are  not  accessible  without  a  boat. 
Certainly  the  bottom  could  not  be  seen,  except  close  to  the  shal- 
lower side,  when  strongly  illuminated.  Some  of  the  stalactites 
descend  into  the  sea-water.  Several  other  caverns  in  this  district 
have  the  same  general  character,  and  some  communicate  with  the 
sea  so  freely  that  the  tides  ebb  and  flow,  and  various  fishes  live  in 
them.     (See  pi.  xxi,  fig.  1.) 

Near  these  caves  are  several  sinks  with  abrupt  sides  and  nearly 
full  of  sea- water.     They  are  evidently  the  ruins  of  caverns  like  those 


♦  It  was  from  one  of  these  caverns  that  a  large  stalagmite  was  taken  in  1819, 

by  Admiral  David  Milne,  and  sent  to  the  museum  of  Edinburgh.     It  was  25 

inches  in  diameter,  where  it  was  sawn  off,  11  feet  8  inches  high,  weighed 

abont  8}^  tons  and  contained  44  cubic  feet.     (See  Proc.  Royal  Society  Edinb., 

▼,  p.  423;  '*  Bermuda  Pocket  Almanac,"  1888,  p.  175;  1889,  p.  149.     But  the 

attempts  that  have  been  made  to  estimate  its  age,  by  the  rate  of  deposit  now 

eroing  on,  are  futile,  for  there  is  no  possibility  that  the  rate  is  the  same  now  that 

it  was  formerly,  nor  that  it  was  at  all  constant  in  any  former  period.    The  varia- 

tiouB  must  have  been  very  great. 

t  See  these  Trans.,  p.  471,  pis.  xci,  xcii ;    *'The  Bermuda  Islands,"  p.  59, 
same  plates. 
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that  remain.  One,  close  by  the  Walsinffbam  house,  appears  to  be  of 
considerable  depth,  but  I  had  no  means  of  sounding  it.  The  bottom 
was  not  visible  in  strong  sunshine.  It  may  be  20  to  30  feet  deep. 
When  I  visited  it  there  were  several  large  green-turtles  swimming 
in  it.  A  smaller  sink  of  the  same  kind  exists  by  the  roadside  on 
Coney  Island.  It  may  be  30  to  50  feet  in  diameter.  Its  banks  are 
of  limestone  rocks,  on  all  sides,  either  perpendicular  or  overhanging, 
and  large  flat  slabs,  evidently  parts  of  the  fallen  roof,  lie  loosely  on 
the  bottom.  The  water  is  6  to  10  feet  below  the  brink  and  about 
8  to  12  feet  deep.  Large  numbers  of  snappers  and  other  large 
fishes  were  seen  in  it. 

The  famous  Devil's  Hole,  on  the  west  side  of  Harrington  Sound, 
is  another  sink  of  precisely  the  same  nature,  but  much  larger.  It 
may  be  nearly  100  feet  across.  Its  perpendicular  walls  rise  10  to  15 
feet  or  more  above  the  water.  The  water  is  said  to  be  nearlv  40 
feet  deep,  but  I  know  of  no  accurate  measurements.  It  is  walled 
around  and  kept  as  a  show-place,  on  account  of  the  large  numbers 
of  Hamlet  groupers  and  other  large  fishes  that  are  kept  in  it.* 

Webb's  Pond,  near  the  Flatts,  is  another  good  example  of  a  sink 
filled  with  the  sea  water.  It  is  near  the  shore  and  is  about  200  feet 
in  diameter.     It  is  said  to  be  14  feet  deep. 

When  any  of  these  caverns  or  sinks  extend  below  sea-level, 
whether  their  stalactites  and  stalagmites  are  submerged  or  not,  it  is 
conclusive  evidence  of  considerable  submergence,  for  such  caverns 
are  always  excavated  by  percolating  or  running  rain-water,  which 
also  forms  the  stalactites  by  exposure  to  air.  But  to  many  persons 
the  submergence  of  the  stalactites  seems  more  tangible  and  convinc- 
ing evidence. 

I  shall  show  later  that  caverns  and  sinks  exist  which  are  entirely 
submerged  beneath  the  sea. 

c.     Peat-bogs  and  Marshes, 

Many  of  the  peatbogs  and  fresh-water  marshes  are  known  to  be 
so  deep  that  their  bottoms  are  considerably  below  the  level  of  the 
sea.  In  a  region  where  the  rocks  are  so  easily  permeable  as  in 
Bermuda,  the  land  and  fresh- water  marsh  plants  of  which  the  peat 
is  composed  could  only  have  grown  when  the  bottom  of  the  valleys 


*  It  is  located  at  D,  on  map  II.  See  also  these  Trans.,  xi,  p.  468;  *'The 
Bermuda  Islands/'  p.  56.  These  sinks  make  excellent  preserves  for  fishes  and 
sea-turtles. 
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containing  the  peat  was  above  sea-level.  But  a  subsequent  gradual 
subsidence  would  permit  their  growth  on  top,  provided  the  surface 
remains  always  a  few  feet  above  the  sea,  for  the  fresh  water  of  the 
upper  layers  will  not  readily  mix  with  the  brackish  water  below. 

Pembroke  Marsh,  near  Hamilton,  is  now  but  little  above  the  sea, 
yet  according  to  Governor  Lefroy,  who  had  it  tested  in  1872,  the 
peat  is,  in  places,  40  to  48  feet  deep.  This  would  show  that  the 
bottom  of  this  valley  or  sink  extends  to  at  least  30  to  35  feet  below 
the  sea-level,  and  that  the  islands  must  have  subsided  as  much  as 
that,  since  the  peat  began  to  form.  Several  other  bogs  and  marshes 
are  known  to  extend  below  sea-level,  but  I  am  not  aware  of  any 
reliable  records  of  their  depths.  The  instances  given  show  well 
how  peat  beds  happened  to  be  buried  in  Hamilton  and  St.  George's 
Harbors  (see  p.  81),  by  subsidence. 

C     Evidences  of  Subsidence  from  submerged  iSinks,  Sounds,  and 

Channels, 

That  sounds,  sinks,  and  subterranean  passages,  due  in  part  to  the 
caving  in  of  the  roofs  of  caverns,  exist  here  beneath  the  sea,  just  like 
those  on  the  land,  and  formed  in  the  same  way  by  the  solvent  action 
of  rain-water,  when  the  land  stood  at  a  higher  level,  is  certain.  No 
doubt  most  of  the  smaller,  deep,  isolated  sinks,  harbors,  sounds,  and 
"holes"  are  of  this  origin.  No  other  explanation  of  their  origin  is 
available.  The  same  is  true  of  many  of  the  passages  through  and 
under  the  reefs.  Probably,  however,  the  larger  ship-channels  and 
the  broader  sounds  were  largely  due  to  the  erosion  of  the  rocks  by 
running  streams  during  the  time  of  Greater  Bermuda,  but  many  of 
those  streams  may  have  had  underground  channels,  as  they  do  in 
many  limestone  regions.  The  much  greater  extent  of  the  land,  at 
that  time,  and  its  height  must  have  given  rise  to  streams  of  consider- 
able size  and  velocity,  which  would  have  cut  away  and  undermined 
the  soft  limestones  with  great  rapidity,  whether  above  ground  or 
underground.  If  the  falling  in  of  large  caverns  took  place  to  form 
sinks,  these  would  have  been  rapidly  enlarged  by  the  erosion  of  the 
shores,  either  by  fresh  water  or  sea  water,  according  to  their  eleva- 
tion. 

Therefore,  at  the  present  time  it  is  impossible  to  determine  which 
factor  was  of  the  most  importance  in  the  excavation  of  the  larger 
sounds.  In  either  case  the  land  must  have  been  raised  above  sea- 
level  to  a  height  equal  at  least  to  the  present  depth  of  the  deepest 
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sounds  and  channels  (13  to  14  fathoms),  unless  we  admit  that  they 
have  been  eroded  by  the  sea  since  their  submergence.  Erosion  of 
the  sea  bottom  seems  not  to  have  occurred  here,  unless  in  very 
shallow  water,  for  the  bottom  is  everywhere  covered  with  a  thick 
deposit  of  incoherent  shell-sand  and  fine,  white,  calcareous  mud,  which 
is  evidently  accumulating  faster  than  it  can  be  removed  by  the  sta. 
Where  excavations  have  been  made  to  deepen  the  inner  channels, 
loose  shell-sand  has  been  found  to  be  6  to  8  feet  thick,  over  the 
aeolian  limestones.  Therefore  it  is  probable  that  all  the  deeper 
sounds  and  channels  have  been  very  much  filled  up  since  the  sub- 
sidence of  the  land.  They  may  have  been  originally  40  to  50  feet 
deeper  than  now.  But  as  some  are  still  12  to  14  fathoms  deep,  it  is 
safe  to  assert  that  the  islands  were  at  least  80  to  100  feet  higher 
than  now,  when  those  deeper  places  were  eroded. 

If  we  wish  to  trace  the  present  terrestrial  conditions  downward 
beneath  the  sea,  it  will  be  necessary  to  first  consider  such  evidences 
as  exist  in  the  shallower  waters  near  the  shore.  These  may  be 
found  in  abundance.  Only  a  few  will  be  mentioned  here,  as 
examples: 

a.     Submerged  Caverns  and  Sinks. 

While  blasting  out  the  rocks  to  deepen  the  channel  at  Timlin's 
Narrows  in  Hamilton  Harbor,  in  1843,  the  drills  suddenly  entered  a 
submarine  cavern.  When  gunpowder  was  exploded  in  it,  the  depth 
suddenly  increased  from  15  feet  to  22  feet.  This  cavern  contained 
red  clay  and  stalactites.  J.  M.  Jones  states  that  in  deepening  the 
channel  into  Hamilton  Harbor,  in  1809,  a  cavern  was  found  at  the 
depth  of  36  feet  below  sea-level.* 

"  Blue  Hole,"  on  the  west  side  of  Castle  Harbor,  is  a  submerged 
deep  sink,  similar  to  "  Devil's  Hole  "  on  the  land.  Many  other 
similar  sinks  or  deep  "  holes"  exist  here,  under  the  sea.  Very  many 
more  have,  no  doubt,  been  so  entirely  filled  up  with  mud  that  they 
are  no  longer  visible.  Some  of  the  abruptly  deeper  parts  of  Harring- 
ton Sound  are  of  the  same  nature,  as  are  also  the  deeper  parts  of 
Castle  Harbor  and  Elies  Harbor. 

b.     Submerged  Sounds  or  eroded  Valleys, 

If  we  go  into  deeper  water,  we  find  several  notable  areas  of  water 
from  50  to  70  feet  deep,  surrounded  on  all  sides  by  shallower  areas. 
In  a  few  such  places  the  depth  reaches  72  to  84  feet,  as  in  a  small 
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sound  inside  of  Mills  Breaker  (c,  map  II).  These  deeper  places,  more 
than  45  feet  deep,  are  mostly  indicated  by  ruled  lines  on  map  I, 
fig.  12  (p.  92).  A  few  of  the  smaller  ones,  less  than  two  square 
miles  in  area,  omitted  on  map  I,  are  shown  on  map  II,  pi.  xxxvii. 

If  the  land  were  refilevated  to  the  height  of  45  feet  above  its 
present  level,  all  these  areas  would  become  enclosed  sounds,  like 
Harrington  Sound.  Very  likely  the  tides  and  waves  would  soon 
clear  the  mud  and  debris  out  of  their  old  channels,  so  that  most  of 
them  would  communicate  with  the  outer  waters  by  narrow  channels, 
thus  coming  to  resemble  Castle  Harbor,  Great  Sound,  Elies  Harbor, 
etc.  But  some  would  remain  for  a  long  time  land-locked,  unless  the 
waters  have  unknown  subterranean  passages.  The  deeper  part  of 
Great  Sound  would  thus  form  a  completely  land-locked  sound,  two 
square  miles  or  more  in  area,  and  about  15  feet  deep  (VI  on  map  I). 
It  would  resemble  Harrington  Sound  in  size  and  form.  There  would 
also  be  a  much  smaller  area  of  water,  about  10  to  20  feet  deep,  in 
the  center  of  Harrington  Sound. 

All  these  sounds  that  would  be  left,  after  such  refilevation  of  45 
feet,  would  amount  to  about  40  square  miles,  but  the  dry  land 
regained  would  be  about  160  square  miles,  or  about  eight  times  the 
present  area  of  the  dry  land. 

The  largest  of  the  residual  sounds  would  be  that  including  part  of 
Murray  Anchorage  and  the  longer  and  deeper  North  Rock  Sound, 
now  connected  with  the  former  by  a  channel  of  8  fathoms  depth. 
This  sound  would  be  about  as  large  as  all  the  present  land  of  Ber- 
muda, including  Castle  Harbor  and  Harrington  Sound.  Three  other 
sounds  without  visible  outlets  (II,  III,  and  V),  each  about  the  size  of 
Harrington  Sound,  would  remain.  Another,  similar  in  size  to  St. 
George's  Harbor,  is  marked  II  on  map  I. 

Again,  if  the  reelevation  should  amount  to  about  50  feet,  the 
total  area  of  dry  land  gained  would  amount  to  about  190  square 
miles,  and  the  only  bodies  of  water,  of  any  notable  size,  that  would 
remain  are  indicated  by  the  heavy  dotted  or  broken  lines  on  map  II. 
They  would  amount  to  about  12  to  14  square  miles.  All  the  flats, 
and  the  rest  of  the  re6f  areas  and  great  interior  lagoons,  would  be 
laid  bare.  The  pinnacles  and  cliffs  exposed  would  be,  on  the  lower 
lands,  45  to  50  feet  high. 

The  largest  sound  that  would  now  remain  is  the  North  Rock  and 
Mills  Breaker  Sound  (e  on  map  II),  which  would  have  an  area  of  6  or 
7  square  miles,  with  depths  of  16  to  22  feet  in  some  small  areas,  but 
most  of  it  would  be  only  4   to   10  feet  deep.     A  small,  irregular, 
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bilobed  sound  (a),  farther  east,  toward  the  Mills  Breaker  cut  (xiv), 
would  probably  be  connected  with  the  former  sound  by  an  extension 
of  its  southern  limb  in  the  form  of  a  narrow,  deep,  and  crooked 
channel,  in  which  there  is  now  48  feet  of  water.  This  sound  would 
be  about  as  large  as  St.  George's  Harbor.  To  the  east  of  it  would 
lie  two  smaller  bodies  of  water,  10  to  34  feet  deep.  The  larger  of 
these  (c)  would  probably  remain  connected  with  Mills  Breaker  cut 
(xiv)  by  means  of  a  narrow  deep  channel,  and  probably  also  with 
the  sounds  (a)  and  (e).  A  shallow  sound  of  about  3  square  miles 
(a),  would  exist  north  of  St.  George's  Island,  in  the  eastern  part  of 
Murray  Anchorage.  It  would  be  larger  than  the  present  Harring- 
ton Sound.  One  (^),  about  as  large  as  Harrington  Sound,  would  be 
enclosed  in  what  is  now  Great  Sound.  It  would  have  no  visible 
outlet,  and  would  be  4  to  10  feet  deep.  A  few  other  small  and 
mostly  shallow  lagoons  or  ponds,  without  outlets,  marked  b^'f^  g^  A, 
would  also  exist  with  water  only  4  to  10  feet  deep. 

A  rise  of  70  feet  would  cause  very  nearly  all  of  these  lagoons  and 
sounds  to  disappear.  As  remarked  above,  these  larger  submerged 
sounds  are  due  in  part  to  erosion  when  they  formed  valleys  on 
the  dry  land  of  Greater  Bermuda.  That  they  may,  in  some  parts, 
have  been  formed  by  the  falling  in  of  great  caverns  in  the  still  older 
limestones  beneath  them  is  quite  possible,  but  that  view,  which  has 
been  advanced  by  others,  is  unnecessary  and  is  also  incapable  of 
being  proved,  at  present,  for  we,  as  yet,  know  nothing  about  the 
nature  of  the  rocks  that  immediately  underlie  the  sounds  beyond  52 
feet  below  sea-level. 

However,  the  cavern  theory  does  not  seem  adequate  to  account 
for  valleys  and  sounds  six  to  ten  miles  across,  with  very  gently 
sloping  bottoms.  They,  like  the  larger  of  those  under  discussion, 
are  more  likely  to  be  the  original  valleys,  formed  between  the  primi- 
tive sand-dunes,  for  sand-dunes  cannot  exist  without  having  valleys 
between  them.  Such  valleys  would  have  been  the  places  where  the 
waters  flowed  and  then  ordinarv  erosion  would  have  done  the  rest. 

c.     Outer  Charuieh  or  "  Cuts.^^ 

1.     Position  and  depth  of  the  Cuts. 

The  outer  circle  of  reefs  "flats"  and  boilers  forms  an  almost 
unbroken  barrier  around  the  islands,  as  shown  on  maps  I  and  II.* 
They  enclose  a  narrow  strip  of  sea  one-half  to  nearly  two  miles  in 
width  on  the  southern  side,  but  six  to  nine  miles  wide  on  the 
western  and  northern  sides. 


Map  11  is  printed  on  pi.  xxxvii.    Map  1  is  lig.  12,  p.  92. 
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Through  the  great  border  of  reefs,  extending  from  St.  George's 
Island  at  the  eastern  end  around  4;he  whole  northern  and  western 
sides  to  the  extreme  southwestern  part,  a  distance  of  some  40  mile^, 
there  are  only  six  or  seven  narrow  and  crooked  channels  considered 
navigable  for  vessels  even  of  small  size.  Only  one  of  these,  the 
"Narrows"  or  ship-channel  (S.  C,  map  II),  is  used  by  passenger 
steamers  and  naval  vessels.  The  others  are  sometimes  used  by  the 
smaller  native  fishing  and  coasting  vessels.  One  of  these,  the  "  Hog- 
fish  Cut "  (see  viii,  maps  I,  II),  was  considerably  used  by  coasting 
vessels  in  early  times,  and  could  be  easily  improved.  In  a  former 
work*  I  have  quoted  the  sailing  directions,  given  by  Mr.  A.  G. 
Findlay,  1870-1895,  for  entering  by  several  of  these  channels.  But 
most  of  them  are  too  dangerous  to  be  attempted,  except  by  expe- 
rienced local  pilots. 

They  are  of  importance  geologically,  because  they  are  probably 
the  more  or  less  obstructed  and  filled  up  ancient  channels  by  which 
the  separated  interior  sounds,  described  above,  were  connected  with 
the  sea  in  the  time  of  Greater  Bermuda,  and  were  eroded  to  their 
greatest  depths  at  that  time. 

Beginning  at  the  northeastern  end  of  the  islands,  the  first  channel, 
off  St.  George's  and  less  than  a  mile  from  the  shore,  in  some  places, 
is  the  main  ship-channel  or  "  Narrows  "  (S.  C,  maps  I,  II).  This  is 
long,  narrow,  and  crooked,  but  has  usually  6  to  8  fathoms  of  water. 
It  leads  into  th^  Murray  Anchorage.  The  next  channel  northward 
is  Mills  Breaker  Cut  (XIV,  on  map  II,  pi.  xxxvii).  This  has  10 
fathoms  of  water  at  the  entrance.  The  branch  that  leads  directly 
westward  is  8  to  10  fathoms  deep,  and  leads  to  the  small,  deep 
sound  (c),  which  is  10  to  14  fathoms  deep  and  about  a  mile  wide. 
From  this  it  leads  into  the  longer  sound  (a),  by  a  channel  8  fathoms 
deep,  running  west,  about  a  mile  into  the  large  North  Rock  Sound 
(e,  map  II),  which  is  8  to  12  fathoms  deep.  This  "cut"  seems  to  be 
the  most  important  one,  from  a  geological  point  of  view,  because, 
according  to  the  official  charts,  it  is  the  deepest  and  one  of  the 
widest,  and  drains  the  deepest  of  the  enclosed  sounds. 

Cut  XIII,  farther  northeast,  is  of  much  less  importance,  for 
though  10  fathoms  deep  at  the  entrance,  and  8  fathoms  within,  it  is 
much  obstructed  by  scattered  reefs  and  rocks. 

Cut  Xir,  east  of  the  "  Great  Breaker  Flatts,"  also  appears  to  be 
very  much  obstructed. 


'  *  These  Trans.,  pp.  486-489  ;  **  The  Bermuda  Islands,"  pp.  74-77. 
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Explanation  of  Map  I;  Figure  12. 

The  depths  outside  the  reefs  and  in  the  lagoons  are  in  fathoms  ;  those  on  the 
reefs  and  shallows  are  in  feet.  The  continuous  line,  outside  the  reefs,  indicates 
the  contour  at  10  fathoms ;  the  two  dotted  lines  indicate  20  and  100  fathoms, 
respectively. 

I.  I. — Ireland  Island  with  the  Naval  Station  and  Dry  Dock.     See  pp.  71,  77 
81,  109,  115,  151,  160. 
6Z. — Boaz  Island. 
S.  I.— Somerset  Island.     See  pp.  63,  106,  109. 

B.  I. — Bermuda  or  Main  Island,  p.  108,  136. 

B. —Bailey  Bay.     See  pp.  51,  71,  110,  111,  188,  139,  142,  158.  159,  161. 
H. — Hamilton,  the  capital  and  harbor.     See  pp.  50,  75,  82,  88,  144. 
H.  S.— Harrington  Sound.     See  pp.  71.  84,  86.  88,  89,  98,  111,  112,  138,  144 
S.  B.— Shelly  Bay.     See  pp.  Ill,  123,  151. 

F.— Flatt's  Village  and  the  outlet  of  Harrington  Sound.     See  pp.  Ill,  186. 
£.— Elbow  Bay,  with  modem  sand  dunes.     See  pp.  72,  79,  119,  151,  153. 
G.  H.— Gibb^s  Hill  Light.     See  pp.  48,  55. 
D.— DeviPs  Hole.    See  p.  86. 

C. — Causeway,  destroyed  Sept.  12,  1899,  by  a  great  storm,  and  rebuilt.  See 
pp.  127,  132. 

C.  H.— Castle  Harbor.     See  pp.  70,  85,  88,  121,  127,  128,  135,  188,  159. 
G.  I.— St.  George's  Island  and  town.     See  pp.  70,' 72,  104,  105,  109,  130. 
G.— St.  George's  Harbor.     See  pp.  81.  82,  87,  89,  90,  94,  127,  136,  144. 
S.  C. — Main  Ship-channel  or  entrance  to  Murray  Anchorage.     See  p.  91. 

D.  I.— St.  David's  Island  and  Light.     See  pp.  109,  110. 
C.  I.— Cooper's  Island.     See  pp.  106,  109. 

N.  I. — Nonesuch  Island  and  Quarantine. 

K.  I. — Castle  Island  and  ruins  of  King's  Castle.   See  pp.  47  (cut  1),  94,  128. 

The  principal  submerged  sounds  or  drowned  lagoons,  over  45  feet  deep,  are 
shaded  with  parallel  lines,  and  numbered  I- VI.  Their  probable  ancient  outlets, 
called  **  cuts,"  are  numbered  VII  to  XV. 

I.— Murray  Anchorage.     See  pp.  88,  89,  90,  91,  138. 
n. — Blue  Cut  Sound.     See  p.  94. 

III. — Sound  north  of  Ireland  Island,  or  Western  Chub  Cut  Sound.     See  p.  94. 
IV. — Brackish  Pond  Sound.     See  p.  94. 
V. — Chub  Cut  Sound  or  Western  Ledge  Sound.     See  p.  94. 
VI.— Great  Sound.     See  pp.  72,  88,  90,  138,  144. 

VII. — Cut  in  Long  Bar,  leading  to  a  large  passage  3  miles  long  and  6  to  10 

fathoms  deep,  running  S.E.  and   N.W.  inside  Long  Bar  Reef.     See 

p.  94. 

VIII.— Hog-fish  Cut.  7-10  fathoms  deep,  leading  to  Chub  Cut  Sound  and  Elies' 

Harbor,  from  the  southwest.     See  pp.  91,  94. 

IX. — Chub  Cut,  3-8  fathoms  deep,  leading  to  Chub  Cut  Sound  from  the  north. 

See  p.  94. 
X. — Western  Blue  Cut,  partly  obstructed  by  reefs,  leading  to  Sound  III. 

See  p.  94. 
XI. — North  Rocks,  Northeastern  Cut,  leading  toward  a  small  sound  11  fathoms 
deep,  not  numbered  (North  Rocks  Sound).  See  pp.  91,  94, 115,128-132. 
I XII.  and  XIII. — Ledge  Flat  Cuts,  7-9  fathoms  deep,  connected  together  inside 

the  outer  reefs.     See  p.  91. 
XIV. — Mills  Breaker  Cut,  8-10  fathoms  deep,  leading  towards  Mills  Breaker 
Sound,  an  irregular  sound  (not  shaded),  9  to  14  fathoms  deep,  and 
about  2  miles  long.     See  Map  II.     See  pp.  91,  115. 
XV. — Main  Ship-channel  or  the  Narrows,  a  narrow,  deep  cut  leading  to  Murray 
Anchorage.     See  p.  91. 

Note. — The  map  is  altered  from  that  of  Mr.  A.  Agassiz  by  the  addition  of  the 
three  contour  lines,  at  10,  20,  and  100  fathoms  depths ;  by  shading  the  deeper 
parts  of  the  larger  lagoons,  where  the  depth  exceeds  45  feet ;  and  in  some  other 
respects.     It  is  based  on  the  Admiralty  Chart,  reduced  by  photography. 
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Cut  XI,  the  Eastern  North  Rock  Cut,  is  navigable  for  small  Ber- 
mudian  vessels  with  a  good  pilot,  but  is  dangerous.  It  leads  directly 
to  the  Great  North  Rock  Sound,  marked  e,  on  map  11,  pi.  xxxvii. 

Cut  XIf«,  the  Western  North  Rock  Cut,  is  larger  and  deeper,  and 
is  easily  entered  by  vessels  of  some  size  with  good  local  pilots.  It 
runs  southward  into  the  great  North  Rock  Sound.  It  has  6  to  8 
fathoms  of  water  in  most  of  its  course,  but  it  is  rather  crooked. 

Cut  Xcr,  the  Eastern  Blue  Cut,  leads  into  the  sound  numbered  II, 
on  map  I ;  /*,  on  map  II.  It  is  rarely  used,  except  by  fishing  boats 
and  other  small  craft,  as  it  is  much  obstructed  by  detached  reefs. 
It  has  depths  of  5  to  8  fathoms. 

Cut  X,  the  Western  Blue  Cut,  is  not  much  better  for  navigation. 
It  has  depths  of  4  to  6  fathoms.  It  leads  to  Ireland  Island,  and  into 
the  sounds  numbered  III  and  IV,  on  map  I;  ^,  on  map  II. 

Cut  IX,  the  Chub  Cut,  is  navigable  only  for  small  vessels.  Its 
depth  is  3  to  7  fathoms.  It  leads  into  the  sound  numbered  Y,  on 
map  I;  A,  on  map  II. 

Cut  VII  leads  into  a  large  sound,  7  to  10  fathoms  deep,  between 
Western  Ledge  Flats  and  Long  Bar.  (See  map  II.)  In  part  of  its 
course  it  is  10  fathoms  deep. 

Cut  VIII  is  the  Hog-fish  Cut.  It  is  very  long,  narrow,  very 
crooked,  and  not  far  from  the  shore.  It  is  badly  obstructed  near  its 
entrance  by  Kitchen  Shoals,  but  the  Bermuda  mercantile  vessels 
formerly  made  much  use  of  it  to  enter  Elies'  Harbor. 

Besides  these,  there  is  a  channel  (XIII)  into  Castle  Harbor, 
between  Castle  Island  (cix,  map  II)  and  Southampton  Island,  which 
was  much  used  by  vessels  in  the  early  years  of  Bermuda  history. 

The  channel  that  leads  into  St.  George's  Harbor  is  of  the  same 
nature.  This  was  originally  narrow,  crooked,  and  too  shallow,  but 
it  was  much  improved  about  50  years  ago  by  blasting  out  some  of 
the  worst  ledges  in  its  bottom.  It  badly  needs  additional  improve- 
ments of  that  sort  to  safely  admit  modern  vessels  of  larger  size. 

2.     Filling  up  of  the  Cuts  and  Channels. 

There  can  be  no  doubt  that  most,  if  not  all,  of  these  cuts  through 
the  reefs  have  very  much  filled  up  and  obstructed  since  their  sub- 
mergence. If  they  drained  the  interior  sounds  and  valleys  of 
Greater  Bermuda,  they  must  have  been  at  least  equal  to  them  in  depth. 
Of  course,  some  of  them  may  have  been  of  later  origin  than  the 
sounds,  and  if  so,  may  have  served  merely  to  help  in  the  ebb  and 
fiow  of  the  tides,  like  the   present   shallow  outlet  of  Harrington 


A.  E,  Verrill — The  Bermuda  Islands;  Geology.  95 

Soand,  which  is  much  shallower,  and  also  of  much  later  origin  than 
the  sound.  But  if  the  deeper  sounds  were  excavated  to  their  lower 
levels  by  running  water,  as  it  seems  necessary  to'  believe,  then  the 
channels  must  have  been  equally  deep.  That  they  should  have  been 
partly  filled  up  after  the  subsidence  is  natural.  Great  masses  of 
rock,  broken  by  the  storm  waves  from  the  high,  bordering,  sub- 
merged cliffs,  would  certainly  fall  into  them  from  time  to  time. 
Shell  sand  and  mud  would  collect  in  the  interstices,  and  corals  would 
grow  on  the  fallen  rocks,  thus  inevitably,  but  gradually,  obstructing 
and  filling  them  up. 

The  action  of  the  sea  waves,  in  10  to  20  fathoms  of  water,  is 
almost  inappreciative,  and  not  sufficient  to  remove  coarse  sand  or 
small  stones.  The  tides,  also,  are  here  not  strong  enough  to  produce 
much  effect  at  the  bottom,  even  of  shallower  channels,  though  in 
some  cases  it  is  able  to  remove  fine  loose  mud  and  keep  the  project- 
ing ledges  bare.  Beef  corals,  millepores,  corallines,  GorgonisB,  and 
other  organisms  grow  well  in  these  channels,  where  there  are  rocks, 
and  their  debris  helps  to  fill  up  the  channels.  It  is,  therefore,  not 
unlikely  that  some  of  these  channels  were  once  30  to  50  feet  deeper 
than  at  preseut. 

17.     Broken  Grounds  outside  the  Reefs. 

The  outer  borders  of  the  outer  reefs  usually  fall  off  suddenly, 
like  submerged  cliffs,  into  water  from  30  to  40  feet  or  more  in  depth. 
In  many  places  the  outer  reefs  are  undercut,  so  that  their  tops  over- 
hang their  bases  more  or  less,  by  the  more  rapid  wearing  away  of 
the  rocks  below,  owing  either  to  theiV  less  hardened  condition,  or  to 
less  protection  by  living  corals,  algse,  etc.,  or  perhaps  to  both  causes 
combined,  in  most  localities.  In  other  parts  they  fall  away  with 
steep  slopes,  or  with  a  succession  of  steps,  indicating  layers  of  differ- 
ent hardness,  like  the  cliffs  along  the  shores.  These  submerged 
steep  cliffs  are  rarely  less  than  30  to  40  feet  high,  and  are  more  or 
less  covered  with  a  profusion  of  coral-heads,  especially  the  brain- 
corals  and  astneans,  Oculina,  Milleporay  gorgonians,  corallines  and 
nuUipores,  Sargassum  and  other  large  sea  weeds,  all  of  which  have 
a  great  effect  in  retarding  the  erosion  by  the  waves.  The  reef- 
corals,  which  are  usually  abundant  and  large  to  the  depth  of  about 
25  to  30  feet,  become  small  and  scattered  at  about  40  feet,  but  the 
branching  Oculinas  and  large  Gorgonias  extend  down  to  125  feet 
or  more,  where  there  are  rocks  for  attachment. 
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The  bottom  slopes  gradually  form  the  bases  of  the  submerged 
cliffs  to  the  depth  of  100  to  125  feet;  beyond  that  it  falls  off  more 
rapidly  to  about  300  feet,  and  then  descends  with  a  steep  slope  to 
6,000  feet  or  more. 

That  portion  of  the  bottom  that  lies  between  30  or  40  feet  and 
about  1 20  feet  is  irregular,  rough,  and  more  or  less  completely  cov- 
ered with  ledges  and  blocks  of  stone,  interspersed  with  patches  of 
white  shell-sand.  As  the  depth  increases  the  shell-sand  predominates 
more  and  more,  until  at  about  100  to  126  feet,  and  beyond,  it  covers 
most  of  the  bottom. 

The  rough  rocky  zone,  between  about  40  and  1 20  feet,  is  called 
the  "  broken  ground "  by  the  fishermen.  Many  of  the  rocks  scat- 
tered over  this  slope  are  doubtless  great  and  small  masses  that  have 
been  torn  from  the  outer  edges  of  the  reefs  by  the  violent  sea-waves, 
during  the  thousands  of  years  since  they  were  submerged.  Others 
are  probably  eroded  ledges  of  seolian  limestone.  These  rocks  are 
more  or  less  covered,  especially  in  the  shallower  parts,  with  an 
abundance  of  living  organisms,  such  as  corallines,  nullipores,  and 
other  algaB  ;  large  branching  corals  of  the  genus  Of^ulina ;  and  large 
gorgonians,  such  as  the  sea-fan,  Gorgonia  jiahdlam  ;  the  sea-plume, 
G,  acerosa  ;  Plexatira  flexuosa  ;  Plexaurella  cra^sa,  Verrucella,  etc. 
(See  also  chapter  29.) 

This  zone  of  "  broken  ground  "  is  often  two  to  three  and  a  half 
miles  wide  off  the  eastern,  northern,  and  western  reefs  ;  but  usually 
only  one-half  to  one  mile  wide  off  the  reefs  of  the  southern  side. 

It  undoubtedly  represents  what  were  once  the  low  lands,  shores, 
and  shallows  of  Greater  Bermuda,  to  which  have  been  added 
immense  quantities  of  debris  derived  from  the  erosion  and  tearing 
down  of  the  outer  reefs  by  the  violent  oceanic  waves  that  beat  on 
the  outer  edges  of  these  upright  reefs  with  immense  force  during 
storms. 

The  character  of  the  bottom  over  this  zone,  its  slope,  and  its  depth 
indicate  a  submergence  of  at  least  100  feet,  as  do  the  cuts  and 
sounds  described  above. 

18,     Argus  and  Challeiiger  Banks. 

The  present  very  uneven  surfaces  of  Argus  and  Challenger  Banks 
are  like  those  of  Bermuda,  and  indicate  erosion  when  they  stood 
above  sea-level.  Some  considerable  parts  of  their  summits  are  now 
180  to  240  feet  beneath  the  sea  ;  other  parts  (Argus  Bank)  are  only 
8  feet  (see  fig.  7).     Erosion  by  waves  on  such  sunken  banks  would 
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be  a  levelliDg  process  and  does  not  extend,  even  in  great  storms,  with 
noticeable  effect,  more  than  100  to  125  feet  below  the  sea-level. 
Hence  it  is  probable  that  they  have  subsided  at  least  100  feet  since 
they  were  eroded. 

19,     Evidences  of  Be^vation  of  the  Berjuudas. 

The  evidence  in  regard  to  the  reelevation  of  the  islands  after  their 
greatest  depression,  is  not  entirely  conclusive. 

The  evidence  depends  largely  upon  the  existence  of  elevated  beach 
deposits,  containing  existing  marine  shells,  at  various  localities,  from 
5  to  20  feet  above  high  water  mark,  as  described  in  chapter  15,  on 
the  Devonshire  formation. 

It  appears  to  me  probable  that  some  of  those  beds  were  made 
below  sea-level,  and  therefore  do  actually  give  evidence  of  elevation, 
as  stated  on  p.  76.  That  they  are  not  more  extensive  and  general 
may  be  due  partly  to  the  abruptness  of  the  shores  in  most  places, 
and  partly  to  their  subsequent  erosion,  for  they  would  have  been 
powerfully  acted  upon  by  the  sea  during  their  emergence,  when  they 
were  doubtless  mostly  unconsolidated  beds  of  sand. 

We  might  well  expect  to  find  such  deposits  around  the  low  shores 
of  certain  land-locked  bays  and  lagoons,  where  they  are  not  now 
known  to  exist,  had  such  an  elevation  taken  place,  even  to  the  extent 
of  8  or  10  feet.  Possibly  such  deposits  may  exist  around  Mullet 
>  Bay  and  other  bays  surrounded  by  low  lands,  but  I  am  not  aware 
that  anyone  has  made  a, careful  search  for  them  in  such  places. 
But  it  is  possible  that  much  of  their  bulk  may  have  been  carried 
away  from  such  localities,  by  solution  in  rain  waters,  even  if  not 
much  exposed  to  erosion  by  the  sea. 

The  most  elevated  beds  of  this  kind  now  known  are  not  over  15 
to  18  feet  above  the  sea.  Very  few  are  more  than  10  to  12  feet 
above  it ;  ordinarily  their  elevation  is  only  6  to  8  feet  above  high 
tide. 

Professor  Rice  adopted  the  view  that  an  elevation,  of  small  amount, 
has  taken  place  since  these  beds  were  formed,  but  Mr.  Agassiz  took 
the  opposite  view,     (See  above,  pp.  76,  77.) 

Mr.  Agassiz  suggested  that  such  materials  could  have  been  thrown 
by  storm  waves  to  such  heights,  and  therefore  that  they  do  not 
prove  elevation.  This  is  no  doubt  true  in  exposed  situations,  but 
most  of  these  beds  are  situated  in  partially  sheltered  harbors  where 
such  violent  wave-action  would  probably  not  occur ;  moreover,  the 
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usual  regular  character  of  the  beds  and  the  condition  of  the  con- 
tained fossils  indicate  rather  quiet  deposition,  not  storm  formations. 

Another  suggested  evidence  that  an  elevation  of  several  feet  has 
occurred  is  the  peculiar  character  of  the  erosion  on  many  of  the 
cliffs.  A  second  very  marked  plane  of  maximum  erosion  can  often 
be  observed  8  to  15  feet  above  the  one  situated  at  or  a  little  above 
the  present  high -tide  level.  In  many  cases  the  cliffs  are  thus 
undercut  at  two  levels.  This,  however,  might  well  be  due  to  the 
action  of  violent  gales,  producing  waves  much  larger  and  more 
powerful  than  the  ordinary  ones.  Thus  a  single  violent  storm  will 
often  effect  more  erosion  in  one  day  than  ordinary  storms  would  do 
in  several  years. 

In  other  cases  cavernous  places  or  "ovens"  of  large  size  have 
been  excavated  entirely  above  the  reach  of  ordinary  waves.  This 
is  the  case  on  the  islands  in  land-locked  Harrington  Sound  as  well  as 
in  more  exposed  situations.  It  seems  at  iirst  hardly  probable  that 
occasional  severe  storms  could  effect  this  kind  of  erosion  at  such 
elevations. 

But  in  many  cases  such  erosions  are  excavated  from  beds  or 
pockets  that  are  unusually  soft,  or  consist  of  nearly  loose  sand, 
so  that  the  mere  dashing  of  the  spray,  made  in  a  severe  storm, 
might  be  sufficient  to  rapidly  wear  away  such  materials  at  several 
feet  above  high  tide.  Still  it  must  be  admitted '  that  the  erosion  of 
such  places  as  the  Cathedral  Rocks  (fig.  9)  ;  the  pinnacles  of 
Tobacco  Bay  (fig.  10  and  pi.  xxii,  fig.  1);  the  Natural  Arch  ;  and 
many  other  places  (pi.  xxii,  fig.  2),  could  be  more  easily  explained  if 
the  islands  have  actually  been  raised  several  feet  above  their  former 
level,  in  post-pliocene  times.  To  suppose  that  this  took  place  at 
a  more  remote  period  would  imply  a  durability  that  these  rocks  do 
not  possess,  although  their  durability  is  very  great.  (See  chap.  20, 
A.)  This  upper  zone  of  erosion  has  apparently  been  removed  by 
subsequent  erosion  on  most  of  the  more  exposed  cliffs,  especially 
on  the  south  side. 

We  might  well  expect,  also,  to  find  some  evidences  of  wave  erosion 
on  the  ledges  around  the  borders  of  some  of  the  enclosed  lowlands 
and  bays,  where  the  sea  does  not  now  reach.  It  might  have  pro- 
duced more  or  less  distinct  terraces  in  such  places,  if  the  land  had 
remained  a  long  time  at  a  lower  level  than  now.  But  of  course, 
such  terraces,  had  they  once  existed,  may  have  been  mostly  or 
entirely  removed  or  ob  scured  by  later  erosion  of  the  softer  rocks 
and  soil. 
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It  seemed  to  me  that  there  were  some  indications  of  sach  a  terrace 
formation,'  in  some  places  along  the  west  side  of  Castle  Harbor ; 
around  Mullet  Bay  and  Hungry  Bay  ;  and  in  various  other  places. 
But  I  did  not  have  sufficient  time  to  make  a  careful  study  of  this 
question.  It  would,  perhaps,  require  many  careful  excavations  in 
undisturbed  localities,  if  such  could  be  found.  But  as  the  soil  has 
been  constantly  cultivated  there  for  nearly  300  years,  it  probably 
would  be  hard  to  find  localities  with  the  soil  in  its  original  state. 
At  any  rate,  I  do  not  know  that  any  careful  studies  of  this  kind 
have  ever  been  made  there. 

As  the  question  now  stands,  the  elevated  beach  formations,  which 
occur  at  numerous  places,  are  the  most  important  evidence,  and  they 
lead  us  to  believe  that  a  re^levation  has  actually  occurred,  as  claimed 
in  a  former  chapter  (pp.  76-78).  If  this  be  true,  it  is  most  probable 
that  it  was  contemporaneous  with  the  post-Champlain  elevation  of 
Nova  Scotia  and  New  England. 

20,     Cfianges  due  to  Erosion. 

The  erosion  of  the  Bermuda  limestones  has  taken  place  chiefly  in 
five  ways  :  A,  by  the  solvent  action  of  the  carbonic  acid  in  rain 
water  and  salt  spray  ;  B,  by  the  direct  mechanical  effects  of  rain  ; 
C,  by  the  mechanical  action  of  streams,  either  above  ground  or  sub- 
terranean; D,  by  the  mechanical  action  of  the  waves,  both  above 
and  below  sea-level ;  E,  by  the  action  of.  tidal  currents  and  currents 
caused  by  the  winds.     The  last  is  probably  the  least  important. 

A.     Suhaerial  erosion  due  to  carbonic  acid  in  the  rain-water. 

In  the  Bermudas,  owing  to  the  equable  climate  and  absence  of  frost, 
the  phenomena  of  erosion  and  subaerial  disintegration  of  the  rocks 
are  very  much  simplified,  as  compared  with  Europe  and  the  greater 
part  of  North  America.  There  is  every  reason  for  believing  that 
the  present  conditions  have  continued  for  an  immense  period  of  time, 
without  much  change  in  this  respect,  though  great  changes  in  the 
amount  of  rainfall  are  probable.  Therefore,  observations  that  would 
give  a  fairly  accurate  measure  of  the  present  average  rate  of  disin- 
tegration of  the  limestone  would  be  of  great  value  in  determining 
the  time  required  for  the  great  changes  that  have  taken  place  in  past 
ages.  We  might,  by  a  careful  study  of  the  formation  of  the  "  red 
soil,"  as  a  decomposition  product,  or  insoluble  residue  left  after  the 
solution  of  the  limestone,  be  able  to  estimate  approximately  the  total 
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age  of  the  dry  land  of  the  Bermudas.  At  present  we  can  only  say 
that  this  process  of  accumulation  of  the  red  soil  is  an  extremely  slow 
one. 

It  probably  requires  the  destruction  of  at  least  160  to  200  feet  of 
limestone  to  form  one  foot  of  soil,  as  shown  by  the  chemical  analj'ses 
of  the  shell-sands  and  rocks  (see  pp.  74-75).  The  amount  of 
impurities  in  the  limestone  is  very  small — probably  less  than  an 
average  of  0.75  per  cent.  Some  of  this  material  in  the  limestone 
was  probably  of  foreign  volcanic  origin  (floating  pumice  and  ash 
from  the  West  Indian  volcanoes  perhaps),  but  some  of  it  may  have 
been  derived  indirectly  from  the  ancient  Berraudian  volcano.  Frag- 
ments of  pumice  are  now  rarely  found  on  the  shores.  Probably  the 
amount  of  this  native  soil  on  the  island,  if  evenly  distributed  over 
the  surface,  would  amount  to  at  least  two  feet.  Though  there  are 
large  tracts  where  the  average  depth  of  soil  is  not  over  six  inches, 
and  also  tracts  of  nearly  bare  rock,  there  are  depressions  and  valleys 
between  the  hills  where  it  is  many  feet  deep.  This  light  soil  is 
easily  washed  from  the  hillsides  into  the  valleys  by  the  heavy  rains, 
unless  it  be  closely  covered  by  grass  or  some  other  vegetation.  On 
the  contrary,  as  there  are  no  brooks  or  streams  of  fresh  water,  com- 
paratively little  of  it  is  now  carried  into  the  sea  and  wasted,  though 
streams  of  considerable  size  probably  existed  in  the  time  of  Greater 
Bermuda.  Hence  it  follows  that  unless  these  limestones  disintegrate 
vnth  unusual  rapidity,  it  must  have  taken  a  very  long  period  to 
form  even  one  foot  of  soil. 

This  kind  of  decomposition  of  the  rocks  has  been  going  on  during 
the  whole  history  of  the  islands,  since  the  first  dry  land  emerged, 
for  we  find  numerous  layers  of  the  same  red-clay  interstratified 
between  all  the  limestones  ;  even  those  of  Pliocene  age  (see  p.  74). 

Perhaps  the  amount  still  imbedded  in  the  limestone  may  be 
actually  greater  than  all  the  surface  soils. 

The  limestone  thus  dissolved  and  carried  away  from  the  surface 
by  the  percolating  rain-water,  is  afterwards  partly  deposited  in  the 
pores  of  the  underlying  rocks,  making  them  harder  and  more  com- 
pact; a  smaller  part  is  deposited  in  caverns,  in  the  form  of  stalactites 
and  stalagmites;  other  portions  serve  to  harden  the  exposed  surfaces 
of  rocks  and  the  surfaces  of  fissures,  etc.  But  a  large  proportion  is, 
without  doubt,  finally  carried  into  the  sea,  in  solution. 

When  unsaturated  rain-waters  or  streams  find  their  way  into 
fissures  or  cavities  of  the  rock,  or  into  loose  or  soft  portions,  they 
will  gradually  dissolve  away  the  rock  and  form  caverns,  large  or 
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small.  In  many  cases  their  formation  is  partly  a  mechanical  process 
of  erosion,  but  in  nearly  all  cases  observed  here  it  is  partly  or  largely 
a  solvent  action  (see  pp.  70,  84). 

Eventaally  the  roofs  of  the  broader  caverns  become  too  weak  to 
support  their  own  weight  and  they  fall  in,  thus  forming  "sinks," 
which,  by  subsequent  enlargement  and  blending  together  by  erosion 
may,  in  some  cases,  form  the  basins  of  large  ponds,  marshes,  harbors 
and  sounds. 

Slow  rate  of  decay  of  limeslofies. 

Some  data  that  I  obtained  by  examining  the  ruins  of  the  old  stone 
forts  on  Castle  Island  and  other  islands,  some  of  which  were  prob- 
ably built  befbre  1620,  show  an  unexpectedly  slow  rate  of  disintegra- 
tion of  the  ordinary  iirm  limestone  used  in  the  walls  and  buildings. 
This  was  confirmed  by  observations  made  at  other  places.  These 
9ata  would  make  the  average  rate  of  subaerial  disintegration  for  the 
harder  aBolian  limestones  to  be  less  than  two  inches  in  a  century. 
This  would  require  1 20,000  years  for  the  destruction  of  the  200  feet 
of  hard  limestone  necessary  to  form  one  foot  of  soil. 

But  there  are,  in  many  places,  areas  of  much  softer  limestones, 
which  decay  far  more  rapidly  and  furnish  soil  much  more  freely. 
Such  tracts  of  soft  limestones  have,  by  their  decay  and  solution, 
given  origin,  in  many  cases,  to  the  sinks,  ponds,  marshes,  and  caverns 
that  abound  on  the  larger  islands.  This  consideration  would  very 
materially  reduce  the  time  required  to  form  the  soil. 

But  many  of  the  softer  limestones,  when  exposed  to  the  air,  as  in 
the  road  cuttings,  become,  in  a  few  months,  very  much  harder  and 
more  resistant  to  decay.  It  is  rare  to  find  in  the  extensive  road-cuts 
any  great  portions  of  the  nearly  perpendicular  side-walls  that  have 
fallen  away  by  decay.  On  the  contrary,  their  surfaces  have  become 
hardened  by  infiltrations  and  coatings  of  calcium  carbonate,  so  as  to 
resist  weathering  quite  well. 

My  observations,  therefore,  on  this  point,  though  not  satisfactory 
and  far  too  few  in  number,  point  to  a  great  antiquity  for  the  Ber- 
muda limestones,  though  recent  in  a  geological  sense. 

Spanish  Hock. 

Some  idea  of  the  slowness  of  the  subaerial  decay  of  the  limestone, 
where  it  has  acquired  a  hard  surface,  may  be  gained  from  an  ancient 
incised  inscription  on  the  rock  known  as  "Spanish  Rock"  (fig.  13). 
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This  inscription  consists  of  a  monogram,  a  rude  cross,  and  the  date, 
1543.  The  date  is,  or  was  a  few  years  ago,  fairly  distinct.  It 
was  originally  cut,  perhaps  .50  to  .75  of  an  inch  deep, — possibly  an 
^nch.  That  it  has  remained  visible  so  long  may  be  due  to  the  fact 
that  the  corrosion  may  have  affected  the  incised  lines  quite  as  much 
as  the  surrounding  surfaces.  Still,  it  is  remarkable  that  it  should 
have  been  preserved  at  all.  It  is  now  much  less  distinct  than  40 
years  ago,  but  this  is  largely  due  to  vandalism  of  visitors. 

As  to  the  authenticity  of  the  date,  we  have  no  positive  proof. 
Local  tradition  makes  it  appear  to  have  been  known  to  the  early 
settlers. 

It  is,  perhaps,  one  of  the  mementoes  of  the  supposed  visits  of  the 
Spanish  before  the  English  settlement,  mentioned  by  Gov.  Butler,  in 
1619  :  **  Witnesse  certaine  crosses  left  erected  upon  rocks  and  pro- 
montories." He  also  refers  to  old  Spanish  coins  that  had  been  found 
here  by  the  early  settlers. 

The  presence  of  numerous  wild  hogs  on  the  islands  in  1593,  as 
narrated  by  Henry  May,  and  in  1611,  as  described  by  the  early 
settlers,  proves  that  Spanish  or  Portuguese  vessels  had  previously 
visited  the  islands  and  introduced  th^m  there. 

However,  I  have  not  found  any  positive  reference  to  the  inscrip- 
tion on  Spanish  Kock  before  1840,  but  the  literature  of  the  islands, 
before  that  time,  and  after  1640,  is  singularly  bare  of  all  references 
to  the  natural  history  of  the  islands.  Those  200  years  were  the 
"  dark  ages  "  of  Bermuda,  in  this  respect  at  least. 

I  am  not  certain  as  to  who,  among  modern  writers,  first  mentioned 
it,  but  all  agree  that  it  had  been  known  for  a  very  long  time,  and 
that,  from  the  first,  it  appeared  ancient. 

It  has  been  attributed  by  most  writers  to  Ferdinando  Camelo,  a 
native  of  Portugal,  who  received  an  abortive  charter  for  the  settle- 
ment of  Bermuda  from  the  King  of  Spain,  about  1527.  But  there 
is  no  evidence  that  he  personally  ever  visited  the  islands.  If  the 
monogram  ever  stood  for  his  name  the  C  has  now  disappeared  by 
weathering.  Quite  possibly  this  has  happened.  At  present,  the 
monogram  more  resembles  TK  or  FK  or  TR.  It  is  more  probable 
that  it  is  the  only  known  record  of  the  survivors  of  some  disastrous 
shipwreck  in  1543,  who  may  have  lived  for  some  time  on  these 
islands,  and  perhaps  died  here.  The'  presence  of  a  cross  would 
rather  exclude  the  theory  that  it  was  left  by  pirates  or  buccaneers. 

If  the  date  be  genuine,  it  indicates  a  loss  of  less  than  an  inch  in 
depth  from  the  surface  in  362  years. 
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This,  however,  is  rendered  less  improbable  when  we  see  the  aoiall 
amount  of  erosion  and  decay  on  some  of  the  stone  work  of  the 
aDcient  ruins  of  stone  forts,  built  by  the  early  settlers.  The  purity 
of  the  air  and  absence  of  the  sulphur  acids,  derived  from  the  com- 
bustion of  coal,  is  favorable  to  the  duration  of  such  objects  here,  as 
contrasted  with  the  rapid  decay  of  marble  in  our  large  cities,  or  near 
factories  and  smelting  works. 


Figure  13.  —  Anoient  inscription  on  "  Spanish  Rock,"  after  Lefrov,  1ST9. 

However,  the  remarkable  durability  of  limestones  of  this  kind, 
away  from  cities,  and  especially  when  hardened  by  the  etalagmitic 
coating,  is  well  known  in  other  countries. 

On  the  Mingan  Islands,  south  coast  of  Labrador,  and  especially  on 
Niapi^ca  Island,  there  are  many  tail  and  often  slender  columns  of 
Lower  Silurian  limestone,  standing  on  and  near  the  shore.  The 
limestone  forming  ihem  is  in  nearly  horizontal  strata  of  varying 
hardness,  and  some  of  them  are  mush  room -shaped  at  the  top  and 
nndercut  below,  very  much  like  some  of  the  columns  at  Tobacco 
Bay,  in  Bermuda,  but  taller  and  larger,  for  some  of  those  at  Niapisca 
Island  are  60  feet  high.  They  were  thus  eroded  during  the  Cham- 
plain  period,  when  the  land  there  stood  much  lower  and  those  islands 
were  submerged.  So  that  at  one  time  those  columns  must  have  been 
much  like  the  tall  narrow  reefs  off  Murray  Anchorage.  That  they 
have  stood  so  many  thousands  of  years,  exposed  to  the  storms  and 
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intense  frosts  of  the  Labrador  coast,  is  good  proof  of  their  dura- 
bility. A  group  of  these  columns  is  figured  by  Lyell  in  his  Manual 
of  Geology,  p.  78,  1853,  fig.  97.     I  saw  the  same  columns  in  1861. 

Lyell,  in  the  same  work  (pp.  74,  75),  also  describes  limestone  cliffs 
much  eroded  by  the  sea  in  the  Pleistocene  period,  but  now  elevated 
180  feet  above  the  sea  and  situated  inland,  near  Palermo,  Sicily. 
They  are  pitted,  encrusted,  and  infiltrated  with  stalactitic  material 
near  the  base,  like  the  Bermuda  cliffs,  and  contain  holes  bored  by 
marine  bivalves  {Lithodomus)^  the  shells  of  which  often  still  remain 
in  the  holes,  when  under  the  crust.  But  these  cliffs  contain  sea-worn 
caverns  in  which  are  gravel  deposits  filled  with  the  bones  of  extinct 
mammals,  such  as  the  mammoth,  hippopotamus,  etc.,  thus  showing 
the  great  antiquity  of  the  cliffs  and  caverns.  They  have  evidently 
altered  but  little  in  the  many  thousands  of  years  since  the  Pleisto- 
cene period,  when  they  were  raised  from  beneath  the  sea.  Lyell 
describes  other  similar  cases  in  the  Morea  and  other  regions,  proving 
the  remarkable  durability  of  such  cliffs. 

Therefore  it  is  not  unreasonable  to  suppose  that  the  date  on 
Spanish  Rock  is  genuine,  nor  to  believe  that  the  columns  of  Tobacco 
Bay,  the  Cathedral  Rocks,  etc.,  have  remained  much  as  they  now 
are  for  thousands  of  years,  or  since  the  Champlain  period,  when 
they  were  probably  elevated  above  the  sea,  like  those  of  Niapisca 
Island. 

JB.     Mechanical  a-ction  of  rain-water, 

Bennuda  has  a  large  rainfall.  At  times  the  rains  are  frequent 
and  violent.  According  to  Lefroy's  tables,  covering  eleven  and 
sixteen  years  respectively,  the  annual  rainfall  was  54.66  inches  at 
Ireland  Island,  and  48.61  inches  at  St.  George's.  The  amount  near 
Hamilton  during  later  years  has  usually  varied  between  58  and  63 
inches,  but  in  1808  it  was  only  48.19  ;  and  in  1900  it  was  67.05 
inches.* 

The  rainfall  is  usually  pretty  well  distributed  throughout  the  year, 
but  is  generally  greatest  in  October  and  November  and  least  in  the 
summer  months,  when  droughts  are  not  uncommon,  but  seldom  very 
prolonged.  Usually  more  or  less  rain  falls  on  from  one  hundred  and 
ninety  to  two  hundred  and  seven  days.  During  July,  1896,  the 
rainfall  at  the  Prospect  Observatory  was  18.21  inches.  On  July 
30th  the  fall  was  4.42  inches. 


*  See  tables,  these  Trans.,  xi,  pp.  500-502  ;  <' The  Bermuda  Islands,"  pp.  88-90 
455. 
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Such  copious  rains  wash  large  quantities  of  the  red-clay  soil,  loose 
shell-sands,  and  other  loose  materials  from  the  hillsides  into  the 
valleys,  and  on  steep  sea  shores  much  may  be  carried  into  the  sea. 

The  cutting  away  of  the  cedar  forest  and  destruction  of  other 
native  vegetation,  even  by  the  early  settlers,  very  soon  led  to  many 
of  the  hills  becoming  barren,  and  often  nearly  bare  of  soil  over  large 
areas,  where  the  soil  was  at  first  fertile.  This  was  especially  the 
case  on  St.  George's  Island,  which  was  first  settled,  for  Governor 
Butler,  in  1619,  said  that  even  then  the  land  had  become  barren  and 
of  little  or  no  value,  except  for  pastures.  Laws  regulating  and 
restricting  the  cutting  of  the  trees,  prohibiting  the  burning  of  the 
brush  so  as  to  kill  young  trees,  etc.,  were  made  before  1630,  mainly 
in  consequence  of  the  increasing  barrenness  of  the  soil.*  More 
stringent  ones  were  made  in  1632,  1659,  etc.  But  the  islands  were 
overpopulated,  fuel  and  lumber  were  scarce,  and  the  laws  could  not 
be  enforced. 

Although  at  the  present  time  no  permanent  streams  are  formed, 
doubtless  much  of  the  copious  rain  finds  its  way  into  cracks  and 
crevices  of  the  rocks,  and  finally  into  larger  passage  ways,  and  thus 
into  the  sea.  In  a  few  hours  after  the  hardest  rains  most  of  the 
water  disappears  from  the  surface  of  all  the  uplands. 

C.     Erosion  by  streams  in  former  periods. 

Although  streams  do  not  exist  at  the  present  time,  there  is  evi- 
dence (see  pp.  86-96)  that  in  the  time  of  Greater  Bermuda,  and  later, 
they  did  exist,  both  above  ground  and  in  subterranean  passages, 
leading  into  or  through  caverns,  and  finally  reaching  the  sea.  The 
agency  of  such  streams  in  forming  the  great  sunken  or  drowned 
sounds  and  their  channels  or  cuts  out  to  sea  has  already  been  dis- 
cussed.    (See  pp.  87-94.) 

No  doubt  the  subterranean  streams  of  Greater  Bermuda  were  the 
principal  agents  in  excavating  the  caverns  that  now  exist  on  the 
land,  as  mentioned  above,  and  consequently  in  forming  the  sinks,  etc., 
derived  from  their  ruins. 

A  number  of  the  passage  ways  through  which  they  flowed  are 
also  known.  I  have  mentioned  on  p.  84,  that  the  large  dry  cave  of 
Walsingham  was  probably  once  such  a  passage-way  for  a  large  and 
rapid  stream  of  water.     A  narrow  and  deep  chasm,  with  a  small 

*  For  details  see  these  Trans.,  xi,  pp.  421,  477,  593,  598,  602,  608 ;  ''  The  Ber- 
muda Islands,''  pp.  9,  65, 181,  186,  190,  191. 
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natural  bridge  across  part  of  it  (fig.  14),  on  Cooper's  Island,  was 
probably  also  an  underground  passage.  Basset's  cave  on  Somerset 
Island,  said  to  be  over  a  mile  long,  but  without  stalactites,  appears  to 
have  been  another  large  pasaage-way  for  a  stream,  and  thei'e  are 
many  others. 


Fi^^nre  14. — Chasm  and  aatnral  bridge  on  Caoper's  Island.  This  appears  to 
have  been  an  ancient  nnderjiionud  water-way,  now  partly  submerged,  from 
which  the  loot  has  moatly  fallen. 

The  small  size  of  the  present  islands  and  the  porous  and  cavernous 
nature  of  the  rocks  preclude  the  formation  of  streams  with  the 
existing  amount  of  rainfall. 

A  certain  amount  of  solvent  action  on  the  shore  limestones  and 
exposed  reefs  is  also  effected  by  the  salt  spray  that  dashes  over  them. 
This  action  extends  considerably  above  high-water  mark  in  exposed 
places.  It  results  in  eroding  the  limestone  into  a  very  rough,  pitted, 
or  honeycombed  surface,  coarse  or  fine.  The  intervening  spaces  nin 
up  into  sharp  edges  and  jagged  points,  and  the  whole  surface 
becomes  hard  from  secondarj-  infiltration  with  calcium  carbonate.' 

D.     Erosion  by  the   leaves. 
This  subject  has  been  repeatedly  referred  to  in  the  previous  pages. 
A  brief  description  will  be  given,  in  this  place,  of  the  various  phases, 
or  at  least  some  of  the  more  important  ones,  of  the  subject. 

•  See  fignrea  8,  9,  10,  15,  16,  and  pi.  iiii,  figs.  1,  3 ;  also  pp.  66,  67. 
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n.     Erosion  of  the  North  Shore   Cliff*,  Inlets,  and  Ledger. 

This  is,  naturally,  the  moat  conspicuous  pbase  of  erosion  by  the 

Bea.     Its  effects  and  the  resulting  forms  depend  upon  several  factors  : 

such  as  the  degree  of  eipoaure  to  the  sea,  and  whether  there  be  out* 


Figure  15,— Cliffs  of  leolian  limestone  on  the  north  shore,  showing  two  strongly 
maiked  planes  ot  erosion,  the  apper  one  above  high-tide  level.  The  honey- 
combed rocks  are  hardened  by  infiltrations  and  coatings  of  calcite. 


lear  Bailey  Bay,  north  shore,  showing  maaaea  of  liuie- 
liS,  and  not  yet  mnch  nndercnt, 

lying  reefs  to  break  the  force  of  the  seas  ;  the  depth  of  water  near 
the  shore ;  the  violence  of  the  wind ;  the  height  of  the  cliffs  and 
the  inclination  or  dip  of  the  layers  of  rook  ;  the  varying  degrees  of 
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hardness  of  the  layers  ;  the  existence  of  pockets,  beds,  or  layers  of 
loose  sand  in  the  clilfH,  etc. 

The  irregular  stratification  of  the  limestone,  with  layers  of  unequal 
hardness  and  sloping  in  all  directions,  which  is  characteristic  of  all 
such  ieoliau  limestones,  causes  this  rock  to  be  admirably  suited  for 
the  ocean  waves  to  carve  into  curious  and  fantastic  forms.  (Figs.  1, 
6,  8,  10,  15,  16,  17,  22.) 


Figaro  IT. — Pinnacle  of  teolian  limestone  on  south  shore  showing  sand-dnft 
atrati&cation  above,  and  the  deeply  pitted,  rough,  hard  surface  below,  inBl- 
trated  and  coated  with  oatcite.     The  cliff  on  the  left  is  undercut. 

Along  most  of  the  north  shore  of  the  Main  Island,  from  near 
Hamilton  to  the  eastern  end  of  St.  George's,  the  shore  is  almost 
everywhere  formed  by  low  or  only  nyjderately  high  limestone  cliffs, 
which  in  many  places  have  a  talus  of  fallen  rocks  at  the  base,  usually 
exposed  at  low  tide  (figs,  16,  25).  But  in  many  other  places  there 
are  not  many  fallen  rocks  and  the  waves  dash  directly  against  the 
base  of  the  cliffs,  both  at  high-tide  and  low-tide.     (Figs.  10,  15,  22, 
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33a,  ZZb,)  In  the  latter  case  the  cliffs  are  apt  to  be  undercut, 
between  tides,  and  usually  somewhat  above  high-tide  level,  owing 
to  the  dash  of  the  waves  and  spray  in  storms.  The  zone  from 
about  half-tide  to  10  to  20  feet  above  is  usually  deeply  pitted  and 
very  rough,  as  already  described  (p.  66). 

If  the  strata  are  nearly  hprizontal  and  unequal  in  hardness  the 
undercutting  will  vary  in  amount,  making  two  or  more  projections 
and  intervening  grooves  (figs.  16,  17).  When  the  strata  are  irregular 
in  position  and  variable  in  hardness  the  undercutting  and  conse- 
quent falling  away  of  the  cliffs  in  large  masses  give  rise  to  all  sorts 
of  fantastic  forms.     (Figs.  8,  10,  17,  20,  and  pi.  xxii.) 

Sometimes,  when  the  rocks  vary  greatly  in  hardness,  due  to  the 
presence  of  large  beds  or  masses  of  unconsolidated  sand  and  to  the 
hardening  by  infiltration  of  particular  parts,  as  described  above 
(p.  63),  the  rapid  erosion  of  the  softer  beds  or  masses  leaves  the 
harder  parts  projecting  in  the  form  of  partly  or  wholly  detached 
pillars,  pyramids,  pinnacles,  or  columns,  often  of  considerable  height 
(figs.  10,  17;  pi.  xxii). 

"  Pulpit  Rock,"  on  Irelan'd  Island,  is  a  good  example  of  such  a 
detached  pinnacle  rock  (fig.  22).  It  also  shows  well  the  irregular 
stratification  of  the  sBolian  limestone.  Some  of  these  pinnacles  stand 
out  Pome  distance  from  the  shore,  on  the  flat  reefs,  showing  where 
an  islet  or  the  shore  cliff  once  stood. 

The  formation  of  pinnacles  and  towers  is  well  shown  at  the  eastern 
end  of  the  islands,  especially  at  Tobacco  Bay,  on  St.  George's  (fig. 
10  and  pi.  xxii,  fig.  1),  and  on  the  eastern  shores  of  St.  David's  and 
Cooper's  Islands,  and  at  some  points  on  the  south  shore  (pi.  xxii, 
fig.  2). 

In  many  of  these  places  every  stage  in  the  process  of  forming 
these  columns  can  be  seen,  as  well  as  their  undercutting  and  final 
overthrow,  by  which  high  islets  and  shore  cliffs  become  eventually 
converted  into  fiat  tidal  ledges,  and  detached  flat  reefs,  or  even  into 
serpuline  atolls  (figs.  27-29;  pi.  xxiii). 

The  remarkable  examples  of  erosion  shown  at  "  Cathedral  Rocks  " 
or  "Old  Church  Rocks,"  on  the  western  side  of  Somerset  Island 
(fig.  9  and  pi.  xxiij),  are  similar  in  origin,  but  less  broken  down. 
They  are  probably  largely  due  to  great  masses  of  loose  sand  that 
has  been  washed  away  from  the  hardened  parts  that  now  form  the 
pillars  and  arches.  Part  of  this  may  have  been  done  at  a  former 
time,  when  the  land  stood  10  to  15  feet  lower  than  now  (see 
pp.  75-80). 

Trams.  Conk.  Ac  ad.  ,.  Vol.  XII.  8  November,  1905. 
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AloBg  many  parts  of  these  shores  there  are  many  outlying  small 
rocky  isleta  and  numerous  limestone  ledges ;  some  of  them  are  close 
to  the  shore  and  evidently  connected  with  the  shore  cliffs  at  no  very 
distant  period,  while  others  are  farther  away.  The  submerged 
ledges,  somewhat  removed  from  the  shore,  are  more  or  less  covered 
with  corals,  but  all  bear  quantities  of  large  dark-colored  seaweeds 
(Sargaagum,  etc.),  so  that  they  are  conspicuous,  even  when  wholly 
submerged.  There  are  several  of  thcee  Bmail  islands  and  ledges 
off  Spanish  Point ;  others,  like  the  Staggs,  east  of  the  Flatts ;  and 
several  in  Bailey  Bay,  which  are  all  good  collecting  grounds.  Bailey 
Bay  Island  is  the  largest  and  highest  of  those  in  its  vicinity,  and 


Figure  18.— leleta  and  ledges  in  B&iley  Bay  ;  showing  the  shattered  and  irregn- 
Inr  rockB,  deeply  pitted  and  honeycombed  abore  low  tide. 

bears  some  vegetation,  such  as  stunted  cedars,  etc.,  but  its  summit 
is  partly  covered  with  fine  drifting  sand.  Its  shore  ledges  are  very 
rough  and  deeply  pitted  (fig,  18),  and  its  strata  lie  at  all  angles,  so 
that  there  is  here  no  approach  to  the  formation  of  flat  tidal  benches 
or  shelves,  nor  of  serpuHnc  atollti,  such  as  arc  abundant  on  the 
south  shores. 

b.     Grottoes  and  cavernous  places. 

Small  grottoes,  due  to  the  removal  of  soft  materials,  exist  in  the 
cliffs  at  Clarence  Cove  (figs.  33a,  33b),  and  in  many  other  places. 
There  is  a  grotto  in  the  face  of  a  cliff  near  the  lightliouse  on  St. 
David's  Island,  that  is  said  to  contain  a  pool  of  fresh  water,  but  I 
did  not  visit  it. 
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Along  the  bigh  shore  cliffs  there  are  many  grottoes  and  caves  that 
can  only  be  entered  from  a  boat,  and  sometimes  only  at  low  tide. 

Two  large  dome-like  grottoes  of  this  kind,  accessible  only  by  a 
boat  at  low  water,  are  situated  close  together  in  the  shore-cliff  a 
short  distance  east  of  Bailey  Bay.  One  of  them  is  lighted  from 
above  by  a  small  chimney-like  opening  in  the  roof.  Such  grottoes 
often  contain  nests  of  the  tropic  bird.* 

Small  grottoes  in  the  shore  cliffs  exist  in  many  other  places,  and 
many  are  entirely  submerged,  under  the  reefs,  and  are  the  abode  of 
innumerable  fishes,  octopi,  and  various  other  maripe  creatures.f 

c.  Natural  Arches, 

The  formation  of  the  well  known  "Natural  Arches"  at  Tucker's 
Town  beach|  is  evidently  due,  also,  to  the  erosion  of  masses  of 
softer  limestone,  leaving  the  harder  parts  to  form  the  sides  and 
central  pillars  of  the  arches.  It  stands  just  at  high  tide,  but  in 
heavy  storms  great  waves  dash  under  and  through  the  archways 
with  force  enough  to  slowly  cut  away  the  softer  limestones.  The 
irregular  strata  of  rock  forming  the  arches  are  considerably  broken 
and  show  distinct  vertical  fissures,  as  if  due  to  settling.  They  are 
destined  to  fall  at  no  distant  time. 

d.  Sandy  Beaches. 

On  the  north  side  of  the  Main  Island  the  line  of  cliffs  is  broken  at 
Hamilton  Harbor,  at  the  Flatts,  at  Shelly  Bay,§  where  there  is  a  good 
shell-sand  beach,  and  at  Bailey  Bay,  where  there  are  two  short  sandy 
beaches. 

^.     Cliffs  of  Harrington  Sound. 

On  the  cliffs  of  Harrington  Sound,  which  has  usually  less  than  a 
foot  of  tide,  and  which  is  so  completely  landlocked  that  it  never  has 
large  seas,  the  erosion  presents  some  different  phases.  The  cliffs  on 
the  sound  are  often  precipitous,  and  in  some  places,  as  at  Abbot's 
Head  (fig.  21),  they  are  quite  high.|| 


♦  These  TranB.,  xi,  p.  679,  pi.  Ixxii,  fig.  1 ;  **The  Bermuda  Islands,"  p.  267, 
same  plate. 

f  See  pi.  xxxvi;   also  these  Trans.,  xi,  pi.  Ixxii;    *'The  Bermuda  Islands,'' 
same  plate. 

X  These  Trans.,  xi,  pp.  437,  473,  pi.  Ixxxvii  ;  **  The  Bermuda  Islands,"  pp.  25, 
61,  same  plate. 

g  See  these  Trans.,  pi.  Ixviii,  fig.  1  ;  ''The  Bermuda  Islands,"  same  plate. 

I  See  also  these  Trans.,  xi,  pi.  Ixxi,  Ixxii;  '^  The  Bermnda  Islands,"  same  plates. 
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Many  of  these  clifEe  show,  by  their  perpendicular  fronts  and  the 
masses  of  follen  debris,  that  they  are  undergoing  considerable  ero- 
sion. This  is  mainly  due  to  the  peculiar  undercutting  effected  by 
the  small  sharp  waves,  acting  in  one  narrow  zone,  usually  only  a 
foot  or  less  in  breadth,  doubtless  aided  by  the  solvent  action  of  the 
water  that  is  iu  constant  contact  with  the  surface  undergoing  ero- 


Figare  19. — Diagram  of  nndenmt  cliS  on  Harringtoa  Sonnd  ;  a,  groove  aboot  a 
foot  wide  ;  w,  tc',  high  tide  and  low  tide  levels ;  c,  d,  xolian  limestoDe  cliS ; 

f.  e,  mil ;  /,  /,  vertieal  finsnree ;  6,  snbmerged  »olian  UmeBtons b. 


Fignre  20. — Lion  Rock,  on  the  sonth  shore  of  Harrington  Sonnd, — a  cnrioosly 
eroded  and  hardened  rock.  The  clifi  in  the  middle  distance  ia  nairowlj 
nndercut,  at  iea  level.  (Phot.  1901,  by  A.  H.  Verrill.) 
sion.  This  causes  the  waves  to  cut  a  narrow  groove,  like  a  huge 
saw-cut,  deeply  into  the  face  of  the  cliffs,  whether  high  or  low,  just 
about  at  high-water  mark.  I  have  seen  such  grooves  cut  into  the 
bases  of  cliffs  to  the  extent  of  10  to  15  feet,  aud  less  than  a  foot 
wide  (figs.  19,  20). 
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This  goes  on  till  a  large  undupported  maes  of  the  cliff  falls  away 
by  its  own  weight.  The  fall  is  often  hastened  by  reason  of  vertical 
fissures  or  weak  places  in  the  cliffs.  Great  angular  blocks  of  stone, 
thus  fallen  off,  lie  in  front  of  the  cliffs  at  the  eastern  end  of  the 
sound,  and  especially  at  the  base  of  Abbot's  Head  (fig.  31).  The 
latter  are  said  to  have  fallen  off  only  a  few  years  ago,  but  I  did  not 
learn  the  date.  They  show,  as  yet,  scarcely  any  wear,  but  those 
that  are  submerged  are  partly  covered  with  corals,  etc.  As  there 
are  no  violent  waves  in  the  sound,  such  masses  are  not  so  soon 
destroyed  as  on  the  exposed  shores. 


Figure  31.— Abbot's  Head,  on  EarriDgton  Sonnd,  showing   the  recently  fatleu 
mnsBeB  of  rock  at  base. 

In  most  photographs  these  narrow  deep  undercuttings  show  only 
as  a  dark  line,  looking  like  a  dark  shadow,  at  the  foot  of  the  cliff,  as 
in  fig.  20,* 

Sharks  Hole,  at  the  southeastern  end  of  the  sound,  is  a  large 
arch-way  or  tunnel,  penetrating  deeply  into  the  cliff,  and  about  half 

*  See  also  pL  Ixi),  theaa  Trana.,  vol.  xi,  and  "  Tbe  Bermada  lalanda,"  same 
plate,  in  which  the  long  cliO,  weit  of  Sharks  Hole,  it  shown  to  be  tbns  ander- 
cnt.     Also  pi.  Ixiiii,  showing  Sharks  Hole. 
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submerged,  so  that  boats  can  go  in.  It  has  apparently  been  made 
by  the  removal  of  a  mass  of  softer  limestone.  It  may  have  been  a 
passage-way  for  an  underground  stream  when  the  land  stood  at  a 
higher  level  (p.  76).  But  large  masses  of  stone  have  fallen  from  the 
sides  and  roof  in  modern  times,  due  to  undercutting,  and  many 
masses  still  lie  on  the  bottom,  in  plain  view. 

There  are  also  small  grottoes  on  Trunk  Island,  above  and  below 
tide,  due  to  the  more  rapid  undercutting  and  removal  of  softer  rocks. 

In  some  cases,  where  this  mode  of  undercutting  occurs  in  hard 
flat  ledges,  just  above  high  tide,  the  effects  are  very  curious.  I  have 
observed  such  cases  on  the  north  side  of  Trunk  Island  and  in  other 
places.  In  some  instances  the  portion  of  the  ledge  that  is  undercut 
may  be  only  a  few  inches  to  a  foot  thick  ;  the  outer  border  may  run 
out  to  an  irregular  edge  only  an  inch  or  two  thick,  while  the  under- 
cut groove  may  be  several  feet  deep.  This  is  quite  unlike  anything 
that  happens  on  the  open  coast,  where  such  projections  would  be 
soon  broken  off  by  the  waves,  even  if  they  could  be  formed. 

f.     Erosion  of  the  Outer  Reefs  and  "  Flats'*''  off  the  northern  and 

western  shores. 

The  great  barrier  forming  the  broad  outer  border  of  the  elliptical 
area,  extending  from  off  St.  George's  all  around  to  the  Long  Bar, 
the  most  southwestern  of  the  reefs,  is  formed  of  a  series  of  almost 
continuous  broad  patches  of  flat  reefs.  They  are  nearly  flat  on  top, 
and  are  mostly  submerged  from  one  to  ten  feet  below  low- water 
mark.  In  certain  places  they  are  close  to  the  surface  or  partially 
laid  bare  at  low  tide,  and  the  seas  break  heavily  over  them  in  stormy 
weather.  Such  portions  of  the  reefs  are  designated  as  "  breakers  " 
on  the  charts.  In  certain  places  patches  of  reefs,  large  or  small, 
stand  somewhat  apart  and  outside  of  the  main  border  line.  Some  of 
these,  where  the  seas  break  heavily,  are  called  "  boilers,"  as  in  the 
case  of  some  of  those  to  the  east  of  Mills  Breakers.  A  large  number 
of  outlying  reefs  exist  outside  the  western  border  reefs.* 

Among  the  most  dangerous  of  these  detached  reefs  are  the  Chub 
Heads,  9  miles  from  the  shore  at  Wreck  Hill;  Long  Bar,  of  which 
the  south  part  is  6  miles  W.S.W.  from  Gibb's  Hill  Light  ;  and 
Southwest  Breaker,  on  which  the  sea  always  breaks,  and  which  lies 


*  Mr.  A.  Agassiz  has  given  very  fall  descriptions  of  many  of  these  outer  reefs 
and '^  flats"  from  personal  examination )  and  reference  shonld  be  made  to  his 
memoir  for  more  details. 
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14  milee  from  the  shore,  and  about  soath  from  the  Bouthwestem  end 
of  the  Main  Island. 

The  somewhat  snbmerged  reef  or  "  flats  "  of  the  onter  barrier  are 
usaally  from  one-foarth  to  a  mile  wide  and  very  irregular  in  outline; 
in  some  places  they  may  he  over  two  milee  wide.  The  great  northern 
"Ledge  Flats"  are  eight  and  a  half  miles  long,  from  the  cnt  west  of 
North  Rocks  to  Blue  Cut,  and  from  one  to  two  miles  wide.  The 
"  East  Ijedge  Flat "  is  over  seven  miles  long,  with  no  important 
interruption,  and  seldom  more  than  half  a  mile  wide.  Many  of  the 
others   are   as   large   as    Somerset   Island    or    St.    George's    Island. 


Figure  22. — Pnlpit  Rock,  Ireland  Island,  ahowtng cliariicl«ri8tic,  iiregalar,  mnd- 
drift  stratification  ahoTs;  tha  lower  part  is  undercat,  infiltrated,  and  ronghly 
eroded. 

Among  the  most  important  "  breakers  "  are  "  Mills  Breaker,"  north 
of  the  eastern  end  of  St.  George's;  "  Great  Breaker,"  east  of  North 
Bocks;  and  the  breakers  or  flats  around  North  Rocks,  which  are 
bare  in  places  at  low  tide  (flg.  24). 

North  Rocks  (figs.  23,  31,  33)  consist  of  a  small  group  of  pinna- 
cles, the  higher  ones  showing  at  high  tide.  They  stand  on  one  of 
those  flat  reefs  that  is  partly  laid  bare  by  the  tide,  and  are  the  only 
rocks  that  project  above  the  general  level  of  the  outer  reefs.  The 
largest  is  only  about  14  or  15  feet  high,  above  low  tide,  and  about 
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10  feet  in  diameter  (fig.  S3).  They  are  undercut  and  eroded  like  the 
pinnacles  near  the  shore  (fig.  22);  and  lilce  the  reefs  themselves,  they 
are  remnants  of  what  were  once  islands,  now  destroyed  by  the  sea. 

These  rocks  are  interesting  historically  as  well  as  geologically,  for 
it  was  in  close  proximity  to  these  rocks  that  the  "  Bonaventnra," 
with  Henry  May  on  board,  was  wrecked  in  1593,  as  mentioned  below. 
Therefore  they  were  represented,  with  this  wrecked  vessel,  on  the 
reverse  of  the  original  seal  of  the  Bermuda  Company  (fig.  32).  They 
lie  about  8  miles  north  of  the  Main  Island  and  about  IS  miles 
N.N.W.  from  Catherine  Point,  at  the  eastern  end  of  St.  George's 
Island.     (See  map  II.) 


Figure  28. — North  Rocks,  »  view  looking  soathwanl,  toward  the  maiu  island, 
which  is  seen  in  the  background.  From  a  recent  photograph  bj  Phelpa 
Gage.     Loaned  by  Prof.  E.  L.  Mark,  from  Proc.  Am.  Abboc.  Ad.  Sci.,  1905. 

Within  the  outer  reefs  and  between  the  anchorages  there  are 
innumerable  detached  reefs  and  groups  of  reefs  of  various  sizes  and 
shapes,  but  often  covering  many  square  miles,  where  the  water  is  so 
obstrncted  and  filled  with  reefs  that  no  vessels  of  any  kind  can  pass 
through  them,  except  small  boats  in  pleasant  weather.  But  in  other 
places  they  are  more  openly  arranged  or  scattered,  with  deep  water 
and  white  bottoms  in  the  wide  and  deep  passages  between  them. 

Beneath  the  sea  the  outer  reefs  and  breakers,  as  well  as  most  of 
those  inside,  are  roughly  eroded,  with  their  sides  perpendicular,  or 
even  so  much  undercut  that  the  top  often  overhangs  6  to  10  feet  or 
more.  Schools  of  fishes,  including  many  bright -colored  species,  often 
take  refuge  under  the  cavernous  places  (pi.  xxxvi,  fig.  1).     Owing  to 
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the  deep  andercntting  many  of  the  detached  reefe,  standing  in  80  to 
40  feet  of  water,  have  a  broad,  flat-topped  or  mash  room-shaped  form. 
So  maoy  of  them  are  most  undercut  20  to  30  feet  below  the  sarfsce 
of  the  sea,  that  it  seems  probable  that  the  land  remained  stationary, 
or  nearly  ao,  for  a  loQg  period  of  time,  when  about  30  feet  higher 
than  now,  during  the  general  period  of  subsidence. 
So,  likewise,  there  are  reasons  for  believing  that  it  stood  for  a 
*  long  time  at  abont  50  feet  higher  than  at  present,  owing  to  the 
large  areas  of  the  lagoons  or  sounds  that  lie  at,  or  are  filled  up  to, 
near  that  depth,  as  well  as  to  the  erosion  of  so  many  of  the  reefs  to 
about  that  depth.  It  U  not  probable  that  the  erosion  of  the  sea 
now  reaches  to  much  more  than  20  feet  below  low  tide,  with  any 
degree  of  force. 


Figure  34. — Flata  near  North  Roeks,  at  low  tide.     One  of  the  men  was  Qovemor 
Lefroy.     From  a  pbolograph  made  io  18TG  bj  Mr.  J.  B.  Heyl. 

All  these  outer  reefs  and  many  of  those  nearer  the  shores  are 
overgrown  with  corals  of  various  kinds,  sea  plumes,  sea-fans  and 
other  gorgoniane,  Milkporea,  serpulie,  mussels,  Chamas,  sponges, 
sea-weeds,  corallines,  nullipores,  and  many  other  living  organisms, 
which  greatly  protect  them  from  the  wear  of  the  waves,  and  on  the 
outer  parts  raise  the  level  considerably  above  that  of  the  anderlying 
limestone  rock.  Were  it  not  for  this  protective  covering,  the  reefs 
would  be  worn  away  and  destroyed  far  more  rapidly. 

Among  the  reef-corals*  that  are  most  efficient,  both  in  protecting 
and  building  up  the  surfaces  of  the  reefs,  are  the  "brain -corals" 

*  For  a  fuller  account  and  illaBtrationa  of  the  reef -corals  and  gorgoniani,  see 
Chapter  29.  Alao  m;  artictes  in  these  Trans.,  li,  pp.  Git-206,  pla.  i-zzxv;  alio, 
Verrill,  Zodlog;  of  Bermada,  i,  articles  11,  12,  pp.  63-306 ;  same  plates. 
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{Moeandra)y  the  " star-corala "  (OrbiceUa  and  SiderastrcBa)\  "rose 
corals"  (Miissa)\  Poritea  aatreoides  (plate  xxix)  ;  and  the  "finger- 
coral"  (MiUepora  akicorfiis,  plate  xxx,  a).  The  latter  is  very 
abundant  on  all  the  reefs  and  rocks,  including  those  near  the  shores, 
for  it  grows  in  very  shallow  water.  It  forms  large  and  handsome 
clusters  of  elegantly  branched  fronds,  often  projecting  from  the 
edges  of  the  reefs.  It  is  dark  russet-brown  in  color  when  living. 
The  common  brain-coral  (Moeandra  labyrinthiformis)  is  the  largest 
and  most  abundant  reef -coral.  It  may  grow  in  broad  crusts  3  to  8 
inches  in  thickness,  and  6  to  8  feet  across,  due  to  the  grafting 
together  of  many  small  colonies,  or  it  may  form  rounded  or  hemi- 
spherical masses,  1  to  6  feet  in  diameter.  It  is  orange  or  yellow 
when  living. 

The  most  important  protective  sea- weeds  are  large,  olive-colored 
species  of  "gulf  weed"  of  the  genus  Sargassum,  "rock  weed" 
{jFltcu8)y  etc.,  also  various  calcareous  pale  red  algsa,  belonging  to  the 
genus  Zithothamnion,  and  others  related  to  CoraUina, 

If  the  Bermuda  Islands  could  be  suddenly  re^levated  to  the  height 
of  45  feet,  the  greater  part  of  Greater  Bermuda  would  become  dry 
land.  The  parts  that  would  remain  covered  by  water,  in  the  form 
of  lagoons  and  sounds,  are  shown,  with  the  exceptions  of  a  few  small 
ones,  by  the  ruled  areas  on  the  map  (fig.  12,  map  I). 

The  dry  land  that  would  thus  be  gained,  amounting  to  about  160 
square  miles,  would  have  a  very  remarkable  appearance,  something 
like  some  of  the  much  eroded  ancient  table-lands  of  Colorado  and 
other  parts  of  the  western  United  States,  though  on  a  much  smaller 
scale. 

Most  of  the  land  would  lie  in  the  form  of  long,  narrow,  irregular, 
curved  outer  islands,  often  5  to  8  miles  long,  with  nearly  perpen- 
dicular or  even  overhanging  cliffs,  about  40  feet  high.  Hundreds  of 
smaller,  irregular  islands,  and  detached  pinnacles,  spires,  columns, 
and  mushroom-shaped  cliffs,  rising  from  the  shallow  waters  and  the 
broad  and  nearly  level,  enclosed  sandy  plain,  to  the  height  of  40  to 
45  feet,  would  lie  within  the  outer  row  of  islands,  both  scattered  and 
in  groups.  Between  them  would  be  intricate  passages,  some  of 
which  might  be  deep  enough  to  allow  the  tides  to  reach  several  of 
the  enclosed  sounds.  These  columns  and  cliffs  would  be  more  or 
less  coated  and  covered,  on  the  sides  and  top,  with  massive  corals 
and  other  growths.  But  seen  from  below  they  would,  in  many 
•places,  present  appearances  similar  to  the  much  smaller  eroded  cliffs 
and  pinnacles  of  Tobacco  Bay  and  other  localities  on  the  present 
shores,  as  seen  at  low  tide  (pi.  xxii). 
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In  natare,  liowever,  such  changes  in  level  rarely  if  ever  occur 
suddenly,  to  anything  like  this  amount.  Such  an  emergence  would 
be  likely  to  cover  centuries  of  time.  In  that  case  the  bizarre  cliffs 
and  pinnacles  would  be  greatly  eroded,  as  fast  as  they  emerged 
above  the  sea,  and  by  the  time  the  entire  elevation  had  been  accom- 
plished only  a  part  would  remain,  and  these  mostly  much  reduced 
in  height  and  size.  Channels  woold  be  eroded,  at  the  same  time,  to 
allow  the  tides  to  flow  freely  into  the  larger  sounds.  Meantime  the 
vast  areas  of  fine  loose  sands,  gradually  uncovered,  would  afford 
immense  quantities  of  materials  for  the  wind  to  drift  into  sand- 
dunes  on  the  newer  as  well  as  on  the  older  lands. 

• 

g,    Erosion  of  the  South-shore  Cliffs  and  Reefs, 

Along  the  south  side  of  the  Main  Island  the  shore  cliffs  are  almost 
continuous  and  are  usually  higher  and  more  precipitous  than  on  the 
north  side.  In  most  parts  the  waves  at  high  tide,  at  least  in  storms, 
dash  against  the  bases  of  the  cliffs.  But  at  low  tide  there  may  be 
a  wide  beach  of  shell-sand  exposed  in  front  of  the  cliffs,  as  near 
Tucker's  Town,  Elbow  Biay,  and  many  other  places.  Or  these  may 
be  nearly  flat,  broad  benches,  or  smooth  shelves  of  hard  limestone, 
laid  bare  in  front  of  the  cliffs  by  the  tide.  At  several  points,  as  at 
Elbow  Bay  and  Tucker's  Town,  there  are  extensive  sand  beaches. 
The  erosion  of  the  cliffs  on  this  side  is  similar  to  that  on  the  north 
side,  but  on  a  larger  scale,  owing  to  higher  cliffs  and  to  the  greater 
violence  of  the  storms,  though  the  outlying  lines  of  reefs  and  serpu- 
line  atolls  serve  to  more  or  less  break  up  the  heavy  seas,  and  thus 
give  considerable  protection  in  many  places.  However,  owing  to 
the  fact  that  the  harder  limestones  of  the  Walsingham  formation 
(pp.  72-74,  fig.  11)  outcrop  in  thick,  nearly  horizontal  beds,  at  and 
below  tide-level  in  many  places,  the  erosion  has  been  materially 
modified  in  certain  ways,  especially  in  the  formation  of  the  flat  tidal 
ledges,  and  flat-topped  outer  reefs  and  serpuline  atolls,  so  charac- 
teristic of  this  shore,  as  mentioned  on  a  former  page. 

* 

A.     Pot-holes, 

The  hard  flat  beds  have  also  been  favorable  for  the  formation  of 
pot-holes,  both  on  the  tidal  ledges  and  on  the  reefs.  Some  of  the 
shallow  pot-holes  have,  apparently,  been  started  in  slight  depressions 
and  eroded  spots  in  the  surface,  and  then  worn  deeper  by  the  plung- 
ing and  whirling  action  of  the  waves  and  the  stones  carried  by  them. 
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Some  of  these  may  eventually  become  of  large  size  and  several  feet 
deep  before  they  are  broken  through  and  spoiled  (see  fig.  25). 

But  I  believe  that  many  of  the  deeper  and  more  regular  pot-holes 
are  simply  the  ancient  fossil  structures  familiarly  known  as  fossil 
molds  of  "  palmetto  stumps,"  originally  contained  in  the  bard  flat 
ledges  and  filled  with  softer  sand.  When  the  sea  encroaches  upon 
such  a  ledge  as  that  shown  in  plates  xix,  xx,  for  example,  if  it  were 


Figure  2S. — CliS  and  pot-hole  on  sooth  shore.  The  upper  part  ehowB  sboIUd 
limestone  not  mnch  altered ;  other  parts  are  mdely  honeycombed ,  encinsted, 
and  infiltrated.     The  pot-bole,  on  the  right,  contained  a  loose  mass  of  lime- 


below  tide,  it  would  at  once  begin  to  wear  and  enlarge  the  holes 
already  existing  and  they  would  soon  become  wider  at  the  top  and 
more  cup-shaped;  many  would  blend  their  margins  together;  some 
would  have  one  side  of  the  rim  worn  off,  forming  crescent -shaped 
or  horseshoe-sh^ed  pot-holes,  etc.,  just  as  we  now  find  the  smaller 
and  more  regular  pot-holes  on  many  of  the  submerged  ledges  and 
reefs  (fig.  28). 

Mr,  Agassiz  attributed  all  such  pot-holes  to  the  direct  action  of 
the  sea.  But  he  also  believed  that  the  so-called  "  palmetto  stumps  " 
were  real  pot-holes  formed  by  the  action  of  the  waves.     Those  that 
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he  mentioned,  however,  happened  to  be  in  shore  rocks,  within  reach 
of  the  tides  at  least.  However,  those  that  I  have  figured  (pis.  xix, 
xx)  are  decidedly  above  the  tides,  and  if  they  were  ever  worn  by 
the  waves,  it  must  have  been  in  a  period  of  greater  subsidence,  the 


Figure  26. — Diagram  of  group  of  small  pot-holes  on  edge  of  reef;  a,  the  dotted 
line,  shows  how  some  may  become  crescent-shaped  by  erosion,  as  c.  c. 
Altered  from  A.  Agassiz. 

existence  of  which  Mr.  Agassiz  does  not  admit.  But  they  have 
sharp  edges ;  are  surrounded  by  still  adherent  red-clay  soil ;  their 
inner  surfaces  are  nearly  smooth,  and  they  cut  uniformly  through 
the  harder  and  softer  layers,  which  are  characters  not  found  in  real 
pot-holes.  Moreover,  just  the  same  structures  occur  in  limestones, 
apparently  of  the  same  age,  at  least  60  to  80  feet  above  the  sea. 
Therefore  they  can  hardly  be  pot-holes,  and  those  that  are  in  the 
sea  must,  at  any  rate,  have  preexisted  in  the  limestones  before  the 
present  submergence  of  the  rocks.  See  chapter  246,  for  a  discus- 
sion of  the  mode  of  origin  of  these  structures. 

i.     Serpuline  Atolls  or  "  Boilers.^'* 

Along  nearly  the  whole  southern  shore  of  the  islands  the  reefs  are 
situated  much  nearer  to  the  shore  than  on  the  northern  and  western 
sides.  Most  of  them  are  not  more  than  half  a  mile  to  a  mile  away, 
though  in  some  places  they  may  be  more  than  a  mile  from  the  shore. 
Along  this  coast  most  of  the  outer  reefs  are  usually  flat  on  the  top 
and  well  covered  with  living  corals,  sea-fans  and  other  gorgonite, 
mussels,  barnacles,  serpulse,  and  sea-weeds.  A  few  of  them,  as 
Southwest  Breaker,  are  uncovered  in  places  at  low  tides.  Their 
sides  are  steep,  often  perpendicular,  and  frequently  undercut.  They 
often  fall  off  into  deep  water  by  flat  steps  or  benches  of  hard  lime- 
stone. They  seem  to  be  formed,  in  most  places,  of  the  hard,  nearly 
horizontal  beds  of  the  Walsingham  limestone  (see  above,  pp.  73,  74). 

The  inner  line  of  reefs  that  exists  along  most  of  this  coast  is  pecu- 
liar in  being  made  up  largely  of  a  special  form  of  reefs,  usually 
known  as  "serpuline  atolls,"  a  name  given  by  Lieut.  Nelson  in  1840.* 


♦See  pi.  xxiii;  also  these  Trans.,  xi,  p.  486,  pis.  Ixxvii,  Ixxviii;  "The  Ber- 
muda Islands,'*  p.  74,  same  plates. 
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The  serpuline  atolls  are  detached,  rounded,  elliptical,  crescent- 
shaped,  or  irregular  reefs  with  a  raised  rim  and  excavated  or  cup- 
shaped  central  part.  They  vary  in  size  from  those  only  a  few  feet 
in  diameter  up  to  those  of  100  feet  or  more.  Many  are  very  regu- 
larly rounded.  The  rim  is  formed  by  a  solid,  raised,  living  crust, 
made  up  of  the  hard,  convoluted,  shelly  tubes  of  serpulse  and  Verme- 
tus,  barnacles,  small  black  mussels,  nullipores,  corallines,  and  some 
true  incrusting  corals,  such  as  Porites  ojftreoides  and  a  few  others, 
with  more  or  less  seaweeds,  etc. 

The  living  rim  of  these  atolls  is  usually  laid  bare  by  the  ebb  tide, 
wholly  or  in  part.  The  rim  is  usually  higher  and  larger  on  the 
windward  side,  because  the  organisms  live  best  in  the  swash  of  the 
pure  water,  and  are  liable  to  be  killed  off  on  the  lee  side  by  the  sand 
and  debris,  often  washed  out  from  the  central  pool.  The  growing 
rim,  therefore,  is  often  lacking  at  one  or  more  places  on  the  lee  side, 
so  that  the  edge  is  lower,  and  the  water  that  is  thrown  into  the 
central  pool  by  the  waves  rushes  out  over  the  low  lee  side  in  a  minia- 
ture cataract,  when  there  are  large  waves.  The  rim  may  rise  from 
a  foot  to  nearly  two  feet  above  low  tide,  because  such  organisms  as 
compose  it  can  endure  an  exposure  to  the  air  of  two  or  three  hours, 
especially  as  the  sea  or  spray  usually  dashes  over  them,  and  they 
retain  water  in  their  interstices.     (Plate  xxiii.) 

The  living  organisms  usually  have  not  built  up  the  whole  height 
of  the  raised  rim,  but  they  have  protected  it  from  erosion  to  a  lower 
level,  and  have  added  something  to  its  height  by  their  own  growth. 

These  serpuline  atolls  are  composed,  like  the  reefs  farther  out,  of 
hard  aeolian  limestones,  usually  in  nearly  horizontal  beds,  probably 
of  Walsingham  age  (see  pp.  73-74).  The  hardness  and  horizontal 
position  of  the  beds  of  this  limestone  are  eminently  favorable  for 
their  formation,  though  they  probably  are  often  formed  of  other 
limestones,  especially  when  they  are  in  hard  and  nearly  flat  layers. 
If  the  layers  happen  to  be  much  inclined,  the  atolls  become  irregular 
and  imperfect,  owing  to  the  very  uneven  erosion  that  results. 

The  submerged  sides  of  the  atolls  are  usually  undercut,  or  at  least 
very  steep.  They  are  situated  at  various  distances  from  the  shore, 
but  are  mostly  within  half  a  mile  of  it,  and  usually  with  not  more 
than  10  to  15  feet  of  water  between.  Many  are  in  water  not  more 
than  2  to  4  feet  deep  at  low  tide.  In  some  places  many  of  them  are 
even  connected  with  the  shore  ledges,  at  low  tides,  as  "  fringing 
reefs,"  especially  around  the  outer  small  islets,  but  in  such  places 
the  rim  is  covered  more  by  seaweeds,  etc.,  than  by  serpulse. 
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At  certain  places  along  the  south  shore,  as  at  Whale  Bay  and 
Great  Turtle  Bay,  various  stages  in  the  process  of  eroding  the  pro- 
jecting ledges  and  cliffs  into  detached  pinnacles  can  be  seen;  and  the 
undercutting  of  these,  between  tides,  until  they  fall  over,  leaving 


Fipire  87. — Diagram  of  shore  cliff,  d,  with  connected  serpentine  atoU,  e;  a,u, 
living  rim  of  the  latter ;  c',  carjtj  8  teet  deep.     HWm,  and  LWm,  high  and 

low-water  leveU.    Slightly  altered  from  A.  Agaaaiz. 

flat-topped  ledges,  which  are  converted  into  the  serpuline  atolls  by 
the  formation  of  the  living  rim  over  which  the  waves  dash  to  eiea- 
vate  the  central  cup  or  pool.     This  is  excavated  partly  by  the  impact 


Figure  38.— IMagrammatic  section  of  incipient  serpuline  atoll  with  ventral  nnder- 
cnt  pinnacle  of  eeolian  limestone  still  remaining ;  a,  a',  sections  of  rim  con- 
sisting of  living  serpnlte,  etc.;  s,  s",  the  enclosed  lagoon  or  cnp ;  w,  w',  tide- 
levels.     Original. 

of  the  descending  and  whirling  water  and  the  sand  carried  with  it, 
and  partly  by  the  solvent  action  of  the  water.  As  intimated  above 
(p.  ~i),  the  waves  may  often  find  the  beginnings  of  the  pot-holes 
already  existing  in  these  limestones.  The  accompanying  diagrams 
are  intended  to  illustrate  some  of  the  phases  of  these  methods  of 
erosion. 
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Figure  27  represents  a.  cliff  or  ledge  (rf)  eroded  at  base  into  a  flat 
bench,  on  the  borders  of  which  the  serpnline  rim  (a)  has  already 
begun  to  grow,  while  the  waves  have  scooped  out  a  deep  pool  or 
cup  (c,  c),  which,  in  this  case,  is  8  feet  deep  at  the  center.  This 
would  form, a  fringing  atoll. 

Figure  28  represents  one  of  the  detached  pinnacles  of  nolian  lime- 
stone, in  nearly  flat  beds,  at  a  stage  when  it  has  become  strongly 
undercut  at  the  base,  while  the  rim  of  the  serpuline  atoll  (u,  a')  is 
already  growing  and  the  central  pool  (a,  a')  is  being  escavated  by 
the  waves.  Such  a  pinnacle  would  eventually  be  overthrown,  and 
then  the  atoll  would  be  more  deeply  excavated  near  the  middle, 
thus  assuming  the  typical  form,  which  is  shown  in  section  in  figs. 
11,  s,  and  29. 


Figure  39. — Diagrammatic  section  of  completed,  small  aerpulioe  atoll ;  a,  a',  rim 
of  living  organismB ;  c,  central  cnp,  4  feet  deep ;  s,  acaDnmlation  of  aand 
and  gravel ;  d,  d',  QDdercnt  sabmerged  »otian  limeetonei ;  ta,  low-tide  level. 
Altered  from  A.  Agaasiz. 


The  submerged  sides  (d,  tf)  of  such  structures  are  also  being 
eroded  by  the  dash  of  the  waves,  especially  at  low  tide  and  Id  stormy 
weather,  so  that  most  of  them  are  undercut  or  perpendicular  below 
the  protecting  rim  of  organisms.  Thus,  in  course  of  time,  mnny  of 
them  will  be  broken  off  on  one  side,  farming  crescents,  or  all  around, 
and  thus  they  will  eventually  be  changed  into  ordinary  submerged 
ledges  or  reefs.  Many  such  isolated  reefs,  without  the  rims,  occur 
all  along  this  coast,  often  mixed  with  the  atolls. 

Similar  serpnline  atolls  occur  at  a  few  places  and  in  small  numbers 
inside  the  great  bordering  reefs  of  the  north  side.  Some  of  these 
are  to  the  northeast  of  Ireland  Island  and  north  of  St.  George's 
Island.  Perhaps  .they  occur  there  because  the  character  and  hori- 
zontal position  of  the  limestone  are  favorable. 
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Mr.  Agassiz  believed  that  these  reefs  and  atolls  were  formed  out 
of  the  ordinary  seolian  limestones,  superficially  hardened  over  the 
surfaces  and  edges  by  the  local  action  of  the  sea-water  itself.  If,  as 
I  believe,  these  limestones  were  already  much  hardened,  nearly 
throughout,  long  before  they  became  submerged  beneath  the  sea, 
and  had  also  in  most  cases  a  horizontal  stratification,  as  they  now 
do  on  the  adjacent  shores  (fig.  11  and  pis.  xvi-xx),  the  whole  prob- 
lem of  the  formation  of  the  remarkable  serpuline  atolls  along  this 
shore  becomes  much  simplified. 

However,  I  do  not  wish  to  deny  that  such  reefs  and  atolls  can  also 
be  formed  by  the  cutting  away  of  ordinary  seolian  ledges,  when  the 
strata  are  favorable,  as  Mr.  Agassiz  states,  for  I  have  seen  the  same 
process.  But  as  we  find  hundreds  of  these  remarkable  atolls  along 
this  south  shore,  and  very  few  in  other  places,  it  seems  reasonable  to 
connect  the  littoral  outcrops  of  a  suitable,  hard,  horizontally  strati- 
fied limestone  with  the  parallel  line  of  atolls  and  fiat  reef  at  a  little 
distance  from  the  shore.  Indeed,  it  is  possible,  at  low  tide,  to  wade 
out  to  some  of  the  atolls  figured  in  my  plates,  as  was  done  to  obtain 
the  photographs.  In  other  cases  the  atolls  are  actually  connected 
with  the  flat  benches  of  limestone  exposed  between  tides,  or  with 
the  shore  cliffs. 

J.     Cutting  Channels  ;  forming  Harbors  and  Bays, 

In  many  cases  the  gradual  erosion  of  the  sea-cliffs  by  the  waves 
and  the  encroachments  of  the  sea  have  connected  sinks  and  low 
valleys  with  the  outside  waters  by  means  of  narrow  or  wide  chan- 


*  At  the  Island  of  Anticosti,  Onlf  of  St.  Lawrence,  I  have  studied  the  action 
of  the  waves  over  a  large  expanse  of  nearly  flat  reefs  that  extend  along  the  shore 
for  a  great  many  miles,  between  tides,  or  barely  submerged.  They  are  formed 
of  hard  layers  of  Silurian  limestones,  nearly  horizontal  in  position,  from  which 
the  overlying  softer  strata  have  been  removed  by  the  undercutting  of  the  cliffs 
between  tides,  and  above,  by  the  violent  action  of  the  sea-waves,  aided  no  doubt 
by  the  frosts  of  winter,  and  by  the  existence  of  layers  of  soft  shales,  between 
the  limestones.  The  flat  reefs  are  often  100  to  200  yards  wide.  Their  surfaces 
contain  irregular  depressions,  and  shallow  pools  of  water,  large  and  small,  are 
left  in  them  at  low  tide,  bat  very  few  deserved  to  be  called  ^^  pot-holes."  The 
shore  cliffs  there  vary  from  20  to  300  feet  or  more  high,  and  the  summit  of  the 
higher  ones  usually  overhangs  the  base.  The  outer  edge  of  the  flat  reefs,  below 
low  tide,  is  also  undercut  or  abmpt  in  most  places,  just  like  many  of  those  at 
Bermuda.  In  fact,  the  phenomena  of  erosion  are  in  many  respects  similar  to 
those  of  the  south  shore  of  Bermuda,  though  on  a  much  grander  scale.  But  the 
organisms  for  forming  coral-encmsted  reefs  and  serpuline  atolls  do  not  exist  in 
northern  waters. 

TiLijfs.  Conn.  Acad.,  Vol.  XII.  9  December,  1906. 
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Dels,  thus  forming  partly  encloeed  harbont,  lagoons,  sounds,  or  bays, 
as  they  are  variously  called.  Every  stage  in  this  process  can  be 
seen  in  progress.  There  is  a  little  landlocked  cove  on  Coney  Island, 
.  with  a  shell-sand  beach,  but  connected  with  the  open  water  only  by 
a  narrow  channel,  between  limestone  ledges,  barely  wide  enough  for 
a  row-boat  to  pass  through  (tig.  30).  A  similar  miniature  harbor 
may  be  seen  near  the  roadnide  between  Bailey  Bay  and  Shelly  Bay. 
It  is  said  to  have  beoome  connected  with  the  sea,  in  qnite  recent 
times.  Peniston's  Fond  is  a  larger  body  of  water,  separated  from 
the  sea  only  by  a  low  bar,  over  which  the  waves  pour  a  large  amount 
of  water  in  storms. 


Fignre  30. — Core  at  Coney  Islaod,   with  a  DnrroiT  entrance  throagh  tbe  shore 
ledges. 

It  is  evident  that  the  sea  will  soon  cut  a  channel  through  the  bar 
and  convert  it  into  a  small  bay  or  harbor.  This  has  already  hap- 
pened at  Hungry  Bay,  farther  west,  which  was  evidently  shut  off 
from  the  sea  formerly  by  a  similar  bar,  which  has  been  breached  by 
erosion.  Tbe  tide  now  flows  in  and  out,  through  a  narrow  channel, 
in  a  rapid  current.  This  bay  is  shallow  and  the  inner  end  terminates 
in  a  dense  mangrove  swamp  of  considerable  extent. 

Elies'  Harbor  and  the  "  Scaur  "  are  other  good  examples  of  the 
same  action. 

It  is  easy  to  see  that  this  same  process,  when  it  opens  up  larger 
valleys,  or  sinks,  will  give  rise  to  larger  lagoons  and  sounds. 
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St.  George's  Harbor  and  Castle  Harbor  are  examples  of  the  same 
kind  of  erosion  done  on  a  larger  scale  and  much  longer  ago;  probably, 
also,  much  aided  by  subsidence  of  the  land.  The  two  causes  operate 
together  and  in  most  of  the  older  cases  cannot  be  considered  sepa- 
rately. 

21,    Bates  of  Erosion  by  the  sea  ;  modern  changes  slow. 

Most  observers,  seeing  the  evidence  of  great  erosion  on  all  sides, 
and  considering  the  softness  of  the  rocks,  have  naturally  supposed 
that  the  erosion  has  taken  place  far  more  rapidly  than  is  the  case. 

In  my  studies  of  the  rate  of  erosion  by  the  waves,  as  shown  on 
the  masonry  of  the  causeway  leading  to  St.  Greorge,  and  in  other 
places,  this  rate  of  erosion  was  found  to  be  unexpectedly  slow, 
under  ordinary  conditions,  owing  to  the  absence  of  ice  and  frost; 
also  because  there  are  no  deposits  of  very  hard  sand,  gravel,  and 
pebbles  on  the  shores,  which  the  storm  waves  can  pick  up  and  use  as 
tools  of  destruction,  by  dashing  them  against  the  bases  of  the  cliffs 
and  against  each  other,  as  they  do  on  our  rocky  coasts.  It  is  only 
during  the  severe  storms  and  hurricanes,  which  occasionally  occur, 
that  rapid  erosion  is  accomplished. 

The  causeway  between  the  main  island  and  St.  Greorge's  was  com- 
pleted in  1871.*  It  was  about  a  mile  long,  and  fairly  well  built  of 
native  limestone  blocks  of  considerable  size.  It  included  an  iron 
drawbridge  and  several  smaller  bridges,  under  which  were  strong 
tidal  currents,  flowing  in  and  out  of  St.  George's  Harbor  and  Castle 
Harbor.  It  is  so  situated  in  the  passage  between  the  islands  that  it 
is  partly  sheltered  by  the  outlying  small  islands  and  reefs,  and  ordi- 
narily it  is  not  exposed  to  the  full  violence  of  storms.  By  an  exami- 
nation of  the  masonry  of  this  causeway,  in  1898,  at  various  places,  I 
found  that  during  the  27  years  that  it  had  been  built,  the  erosion  by 
the  sea  rarely  amounted  to  an  inch  in  depth,  where  most  active,  and 
the  average  erosion  was  less  than  half  an  inch,  between  tides ;  most 
of  this,  also,  had  evidently  been  effected  within -the  first  few  years 
after  its  erection,  before  the  stones  had  acquired  their  hard  superficial 
coat  of  infiltrated  ealcite.  It  is  true  that  these  stones  were  selected 
from  the  harder  beds  of  limestone  and  therefore  had  more  than  the 
average  resisting  power,  but  after  any  of  the  soft  limestones  become 
infiltrated  by  ealcite,  the  surface  is  resistant,  so  that  the  differences 
in  power  of  resisting  erosion  by  the  sea,  between  tides,  is  much  less 


*  It  was  totally  destroyed  by  the  great  hnrrioane  of  Sept.,  1900,  but  has  since 
been  rebnilt  in  a  different  way. 
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than  it  would  otherwige  be.  Allowing  the  average  to  be  even  an 
inch  in  25  years,  it  would  have  required  at  least  25,000  to  30,000 
years  for  the  sea  to  have  eroded  the  high  cliffs  of  the  islands  facing 
on  Castle  Harbor  to  the  extent  that  they  have  been  eroded. 

I  did  not  obtain  any  reliable  data  as  to  the  rate  of  erosion  of  the 
exposed  cliffs  of  the  south  shore,  except  the  observation  that  on 
Castle  Island  the  ancient  sea-walls  of  the  forts  were  often  built  with 
their  foundations  on  the  edges  of  the  cliffs  (fig.  1)  or  even  on  a 
shelf  of  limestone  some  distance  below  the  original  brow  of  the 
seaward  cliffs,  and  they  have  not  yet  been  undermined,  but  stand 
firmly  where  they  were  put  many  years  ago.*  So,  likewise,  the 
Cathedral  Rooks  show  scarcely  any  changes  since  the  earlier  photo- 
graphs were  made,  about  30  years  ago.  I  compared  an  excellent 
photograph,  made  by  Mr.  J.  B.  Heyl,  about  1875,  with  the  condition 
of  the  rocks  as  they  were  in  1901,  and  could  find  no  changes  worthy 
of  note. 


Figare  31.— North  Rocks.     From  a  photograph  taken  b;  Mr.  J.  B.  Heyl  in  1875. 

JVorth  Rocks  in  former  times. 

A  comparison  of  several  photographs  taken  at  various  times  within 

the  past  thirty  years  shows  but  little  modern  alteration  in  the  North 

Rocks,  but  some  very  severe  atona  might  snddenly  overthrow  them. 

They  are  situated  near  the  extreme  edge  of  the  outer  reefs,  about 

*  Althoagh  the  firat  atone  fort  was  built  hare  about  1620,  tha  present  mined 
walla  may  date  no  farther  back  than  1813, 
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eight  miles  north  from  the  islands.  They  stand  on  an  extensive 
patch  of  flat  reef,  part  of  which  is  laid  bare  by  low  tides.  The 
larger  one  is  about  14  to  15  feet  high,  the  second  in  size  is  about  10 
feet.  They  are  evidently  the  remains  of  an  island  of  considerable 
height  and  extent  that  has  been  nearly  worn  away  to  the  sea-level 
by  erosion.  But  the  ancient  engravings  indicate  that  the  erosion, 
even  in  this  exposed  situation,  has  not  been  rapid. 


Figure  32.— Hednoed  facHimite  of  tha  rererae  of  the  ancient  seal  of  the  Bermndk 
Compaaf ,  ongraTed  on  Norwood's  map  of  Bermuda,  published  in  1620.  It 
flhons  the  wreck  of  Hay's  veesel  in  1B98,  alongaidB  of  North  EocltB,  whioh 
then  appeared  much  as  at  present,  bnt  apparent];  higher  and  the  two  parts 
more  nearly  equal. 

On  Norwood's  map  of  1620,*  in  the  two  lower  comers,  are  engrav- 
ings of  the  seal  of  the  original  Bermuda  Company.  On  the  reverse 
side  of  the  seal  (flg.  32)  there  is  a  view  of  a  wrecked  vessel  alongside 
of  two  high  rocks,  which  are  easily  recognized  as  the  two  peaks  or 
lobes  of  the  main  North  Rock.  The  vessel,  with  broken  masts, 
stands  upright  between  the  large  rock  and  a  small  one  that  exisfe  to 

*  The  map  particularly  referred  to  was  made  by  Richard  Norwood,  before 
1632.  "A  mapp  of  the  Sommer  Islands,  once  called  the  Bermndaa."  London. 
1020.  Reprinted  from  an  original  engravii^  in  [he  British  Unseam,  by  Oover- 
nor  Lefroy  in  "  Uemoriala  of  the  Discovery  and  early  Settlement  of  the  Bermndaa 
or  Somer's  lalands,"  London,  I8T7  (end  of  vol.  I).  A  mnch  less  complete  edition 
of  this  or  an  earlier  map  was  pablUbed  in  1024,  in  Capt.  John  Smith's  "General 
History  of  Virginia,  New  England,  and  the  Snnimer  lis, " 

A  later  survey  and  map  by  Norwood,  completed  in  1638,  has  also  been 
reprinted  by  Qov.  Lefroy,  in  the  work  cited,  p.  044,  hnt  the  shore  lines  are 
much  coarser  and  leas  accnrate  in  the  latter,  which  was  made  mainly  with  refer- 
ence to  the  transfers  of  land  and  the  bonndaries  of  estates. 
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the  right  and  is  therefore  concealed  bj  the  hull  of  the  vessel.  In  a 
photo|2^phic  view  (fig.  31)  taken  in  1875  by  Mr.  J.  B.  Heyl,  a  man 
stands  where  the  vessel  stood  and  the  two  views  are  apparently  from 
nearly  the  same  point.  The  two  peaks  of  the  rock  are  represented 
as  being  nearly  eqaal  in  height,  bat  now  one  is  decidedly  lower  than 
the  other.  This  ancient  sketch,  imperfect  as  it  natoraliy  is,  corre- 
sponds fairly  well  with  the  outlines  of  the  rocks,  as  seen  in  the  photo- 
graph. It  proves  that  these  rocks  have  undergone  no  great  change 
in  general  form  and  size  since  the  early  settlement  of  Bermnda,  for 
this  seal  was  probably  engraved  as  early  as  1618-20. 

The  sketch  was  very  likely  made  by  Mr.  Norwood,  for  he  was  a 
man  of  good  ability  as  a  draughtsman,  and  was  making  his  first  sur- 
vey in  1617.  The  scene  evidently  commemorates  the  wreck  of  a 
French  vessel,  the  "  Bonaventura,"  on  the  17th  of  Nov.,  1593,  on 
board  of  which  was  one  English  seaman,  Henry  May,  who  published, 
after  his  escape  to  England,  in  1594,  an  account  of  his  experiences 
and  a  fairly  good  but  brief  description  of  these  islands,  which,  up  to 
that  time,  were  known  in  England  only  as  dangers  to  be  carefully 
avoided.  Those  of  the  crew  who  were  saved  (about  26  persons), 
brought  ashore  their  provisions,  tools,  and  fittings  of  the  vessel 
'^  before  she  split.''  They  remained  on  the  island  five  months,  while 
they  built  a  small  cedar  vessel  of  18  tons,  with  which  they  sailed  to 
the  Banks  of  Newfoundland  and  joined  the  fishing  fleet  and  were 
thus  taken  back  to  Europe.  May,  in  his  narrative,  stated  that  when 
they  went  on  the  rocks,  in  the  night,  they  supposed  they  were  on 
the  shore  of  the  island,  because  of  the  "  hie  cliffs,"  but  in  the  morn- 
ing they  found  that  they  were  **  seven  leagues  "  away  from  it.  He 
also  said  that  after  building  a  raft  they  towed  it  ashore,  '^  astern  of 
their  boat,"  and  that  '<  we  rowed  all  the  day  until  an  hour  or  two 
before  night  yer  we  could  come  to  land." 

Several  writers  have  been  misled  by  this  statement  and  have  even 
imagined  that  they  must  have  been  wrecked  on  some  far  more  dis 
tant  island  which  has  since  been  worn  away  or  submerged.*  But  it 
is  evident  that  May  meant  that  it  was  seven  leagues  as  they  had  to 
row,  for  they  could  not  cross  the  reefs  at  that  point,  in  the  surf,  and 
must  have  rowed  along  outside  the  reef  till  they  reached  the  present 
ship  channel  and  there  entered  the  bay  and  landed,  probably  on  St. 
George's  Island.     This  would  have  caused  them  to  row  about  se\en 


*  See  Lefroy  Memorialfl,  vol.  i,  p.  9.     Also  Jones,  Recent  Observations  in  t>ie 
B«rmada0;  and  his  Visitors'  Guide,  1876. 
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leagues  and  would  doubtless  hare  taken  all  day  with  ihe  boat  heavily 
laden  and  towing  a  raft  astern. 

That  there  was  no  islet  in  the  place  of  the  North  Rocks  when  the 
islands  were  first  settled  (1611)  is  evident  from  the  fact  that  none 
is  mentioned  by  the  early  chroniclers  and  none  is  represented  on 
Norwood's  accurate  map  of  1626.  Indeed,  it  is  recorded  that  Gov- 
ernor Moore  (1612)  made  a  voyage  out  to  sea  in  order  to  find,  if 
possible,  an  outlying  island,  but  without  success.*  An  island  at  this 
locality,  even  if  small,  could  easily  have  been  seen  from  the  main 
island.  Hence  it  would  be  safe  to  believe  that  the  North  Rocks 
were  then  not  much  lai^er  than  now,  even  if  we  did  not  have 
Norwood's  sketch  to  prove  it. 


Fifipre  88. — North  RdcIcb  aa  drawn  b;  Lient.  Neliion,  abont  IBSO,  uid  pnbliahed 
by  LTell,  1858.  A,  The  largest  rock,  then  16  feet  high,  with  two  coosplcn- 
oas  Eide-lobeB,  a,  6,  aad  a  amall  roclc,  c,  near  its  base ;  c',  e'',  two  amaller 
rocks  where  bnt  one  now  stands.  B,  Next  to  largest  Bock,  then  aboat  13 
feet  h^h,  stronijlj  nnderoDt  at  cc,  cc. 

In  Lyell's  Manual  of  Geology, f  the  author  has  reproduced  a  very 
interesting  drawing  of  the  North  Rocks,  made,  as  he  stated,  by 
Lieut.  Nelson.  Therefore,  it  dates  from  about  1830,  for  Nelson  was 
the  engineer  in  charge  of  the  governmental  works  at  Ireland  Island 
in  1827  to  1833.  This  figure  (see  my  fig.  33),  if  correct,  shows  that 
the  North  Rocks  have  changed  somewhat  during  the  past  75  years. 
The  small  rook,  c,  seems  to  still  exist. 

The  main  rock  has  lost  something  from  the  height  of  the  smaller 
peak  (a,  a),  and  one  side-lobe  seems  to  have  been  lost.  One  of  the 
two  rocks  near  it  (c',  c')  has  apparently  disappeared  ;  the  only  one 
that  appears  in  that  vicinity  in  the  recent  photographs  (fig.  23)  has  a 
crooked  form  like  c'.  The  rock  c°  seems  to  have  been  destroyed. 
The  rock  B,  in  the  foreground  of  this  sketch,  is  represented  as  rela- 

*  Sea  these  Trans.,  xi.  pp.  664,  66S  ;  "  The  Bermuda  Islands,"  pp.  253,  393. 
f  Ljetl,  Sir  Charles,  Uannal  of  Elementary  Geologj,  Hevaral  editions ;  in  the 
Amsrlcan  reprint  of  the  4th  ed.,  1833,  the  flgore  is  on  page  78. 
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tively  larger  than  in  the  photographs,  but  this  is  evidently  to  give 
perspective  for  artistic  effect.  It  has  nearly  the  same  shape  as  at 
present,  bnt  may  have  been  somewhat  larger.  Lyell  stated  that  it 
was  then  12  feet  high,  while  the  main  rock  was  16  feet  high.  These 
are  rather  more  than  their  present  heights.  Unfortunately  the 
point  of  view  in  this  sketch  is  not  the  same  as  in  any  of  the  photo- 
graphs, so  that  no  very  close  comparison  of  the  cuts  can  be  made. 
A  comparison  of  the  sketch,  on  the  spot,  with  the  actual  rocks, 
would  be  useful.  But  it  is  evident  that  at  least  one  of  the  smaller 
rocks  has  disappeared.  The  wonder  is  that  the  changes  have  been 
so  small  in  this  very  exposed  situation. 

This  drawing,  therefore,  confirms  my  conclusions,  derived  from 
other  evidence,  that  the  rate  of  erosion  is  here  very  much  slower 
than  has  been  supposed. 


Great  Storms  ;  Hurricanes, 

The  Bermudas  are  frequently  visited  by  severe  storms,  and  occa- 
sionally genuine  West  Indian  hurricanes  reach  these  islands  and  do 
great  damage  to  buildings,  shipping,  trees,  crops,  etc.  But  as  the 
dwellings  are  almost  all  of  limestone  blocks,  and  solidly  built,  they 
are  seldom  entirely  demolished  and  for  that  reason  there  is  seldom 
an}'  loss  of  life,  though  in  the  storm  of  Sept.  28,  1903,  two  men  were 
killed. 

Such  storms  are  of  special  geological  importance,  for  they  effect 
more  changes  in  the  shore  cliffs  and  beaches  in  a  few  hours  than 
would  occur  in  many  years  of  ordinary  weather.  Unfortunately  no 
geologists  or  other  persons  sufficiently  interested  have  been  on  the 
spot  to  record  such  changes  as  have  occurred  along  the  shores  and 
outer  reefs,  at  such  times.  Such  facts  as  are  recorded  usuallv  relate 
mostly  to  the  damage  to  property,  or  to  the  shores  of  the  more 
sheltered  harbors. 

In  Part  I  of  this  series*  I  have  given  some  details  of  the  effects 
of  the  hurricane  of  Sept.  12,  1899,  in  which  the  long  causeway  was 
destroyed  (see  also,  p.  127,  above),  and  much  other  damage  was  done 
all  over  the  islands.  But  yet  there  is  scarcely  anything  recorded  of 
the  changes  that  it  wrought  on  the  exposed  cliffs,  though  such  effects 
were  sufficiently  obvious  a  year  later,  all  along  the  southern  shores. 


*  These  Trans.,  xi,  pp.  442,  496,  497 :  ''  The  Bermuda  Islands,"  pp.  80,  84,  85 
where  other  similar  harricanes  are  also  recorded. 
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A  l!^J«r  great  storm  or  hurricane  occiiired  Sept.  28, 1903.*  Thongfa 
it  was  of  comparatively  ehort  duration,  it  also  did  a  f^reat  amonnt 
of  damage.  At  tlie  height  of  this  sturm,  which  wae  abont  noon 
(12.30  p.  M.),  the  wind  had  a  recorded  velocity  of  74  mile»,  fi-ora  the 
northeast;  after  it  shifted  to  the  northwest  it  had  a  velocity  of  40 
miles,  at  3  p.  h.  It  was  accompanied  by  a  very  heavy  rainfall,  which 
washed  away  the  roadbed  in  many  places.  Large  numbers  of  cedar 
trees  were  uprooted,  many   large  palraettoes  were  broken   off,  the 


Figure  38a. — Dndercnt  cliSe  at  Clarence  Covti.  near  the  location  of  tb«  great 
landBlide  of  Oct.  6,  1903. 

banana  crop  was  ruined,  and  numerous  public  buildings  and  private 
dwellings  were  damaged.  A  number  of  stone  docks  and  sea  walls 
were  badly  damaged  or  destroyed,  and  many  boats  were  wrecked. 
Not  much  was  said  in  the  papers  of  the  effects  on  the  shore  cliffs, 
but  in  the  Royal  Gazettu  for  Oct  lOtli  the  following  item  appeared: 
'■On  the  North  shore  of  Pi' mbroku  Parish — from  Spanish  Point 
toward  the  Ducking  Stool — the  rugged  cliffs  in  several  places  show 
the  eflfects  of  the  tierce  onset  of  mighty  billows  during  the  late 
hurricane.     Huge  pieces,  wrenched  up  and  swept  away,  have  left 

•See  "The  Colonist,"  of   Sept.   3«,   1903.  and    '-Tlie  Royal  Gazette,"  vol. 
xiXTill,  No.  SO,  Oct.  7,  1903,  p.  1,  tor  deWils. 
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white,  Rtaring  gajia  in  the  d&rk  rocks  as  a  reminder,  for  many  a  day 
to  oome,  of  the  visitation." 

A  week  after  this  storm  the  great  landslide  at  Deep  Bay  occurred, 
hastened,  no  doubt,  by  the  effects  of  the  great  sea-waves  of  the 
etorm.     (See  below.) 

During  such  storms,  and  even  in  those  of  much  less  violence,  the 
fine  calcareous  mud  of  tho  shallower  bayn  and  soundn  is  ho  thoroughly 
stirred  up  that  the  water  becomes  milky  white  everywhere,  and  when 
this  sediment  settles  it  must  make  layers  of  notable  thickness. 

Landilidet. 

Owing  to  the  undercutting  of  the  cliff.s,  great  masses  weighing 

many  thousands  of  tons  sometimes  Huddenly  slide  off  into  the  sea, 

causing  a  great  commotion.     One  of  the  latest  of  these  landslides 


F^uru  33b. — Caveroonti  and  nndercot  cliff  at  Clarence  Core. 

happened  at  Deep  Bay,  near  Hamilton,  Oct.  (I,  1903,  a  week  after 
the  hurricane  of  Sept.  l'm. 

An  account  of  it  was  published  in  the  Royal  Gazette  for  Oct,  10, 
1903,  as  follows  :— 

"At  'Deep  Bay,'  near  Admiralty  House,  on  Monday,  about  mid- 
night, (just  one  week  after  the  storm)  a  large  portion  of  the  cliff. 
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some  60  feet  deep,  and  from  35  to  40  feet  in  width,  toppled  over 
into  the  sea  with  a  thunderinjc^  reverberation,  resembling  very  much 
the  sound  of  a  shock  of  eai'thquake.  For  years — ^in  fact  beyond  the 
memory  of  the  oldest  heads  in  the  vicinity — there  has  existed  an 
irregular-edged  crevasse  at  the  place  where  the  final  break  occurred, 
nearly  semicircular  in  shape  and  some  eighty  feet  in  length,  and 
from  two  to  three  feet  wide  at  the  top,  locally  known  as  '  the  crack,' 
and  although  it  could  not  but  be  evident  to  the  most  casual  observer 
that  the  fracture  of  the  rock  was  complete  throughout,  its  collapse 
was  regarded  as  a  far  remote  possibility  by  the  North-siders,  not- 
withstanding its  very  perceptible  inclination  seaward,  no  one  of 
whom  feared  to  step  across  on  to  the  leaning  cliff,  and  walk,  ami<^ 
sage-brush  and  scrub-cedars,  to  its  dizzy  edge,  even  children  fear- 
lessly invading  it  in  their  gambols." 

The  fallen  masses  of  stone  at  other  places  indicate  similar  land- 
slides, but  I  was  not  able  to  learn  the  dates  of  any  others  of  impor- 
tance. They  often  seem  more  recent  than  they  really  are,  and  most 
of  them  have  apparently  not  occurred  within  the  remembrance  of 
the  inhabitants.  Among  those  that  appear  to  be  comparatively 
recent  is  the  mass  of  angular  blocks  at  the  base  of  Abbot's  Head 
(fig.  21). 

Earthquake  shocks,  even  if  not  very  severe,  might  loosen  many  of 
these  undercut  masses.  But,  as  stated  in  my  former  work,*  very 
few  earthquakes  have  occurred  here  in  modern  times,  and  those  were 
of  but  little  importance.  Those  recorded  occurred  in  1664, 1801  and 
1843.  According  to  the  local  newspapersf  a  slight  earthquake 
occurred  on  July  27,  1903,  between  5  and  6  a.  m.,  at  Paget  East. 

Silting  of  Harbors  ;  Ancient  Maps. 

That  some  local  changes  in  the  depth  of  certain  harbors  have 
taken  place  since  the  early. settlement  of  the  islands  is  certain.  In 
some  cases  this  has  been  connected  with  the  drifting  of  sands  from 
the  land  into  the  sea,  as  at  Tucker's  Town,  where  the  sands  from 
the  dunes  on  the  south  shore  drift  across  the  narrow  neck  of  land 
into  Stokes'  Bay,  on  the  Castle  Harbor  side.  This  small  bay  or 
harbor  is  now  very  shallow,  with  broad  sand  flats  exposed  at  low 
tide.  It  is  said  that  in  the  early  days  of  Bermuda  small  vessels  in 
the  West  Indian  trade  could  anchor  in  this  harbor. 


•  These  Trans.,  xi,  p.  510 ;  "  The  Bermuda  Is.,"  p.  98. 
t  See  Royal  Gazette  for  Jnly  28,  1908. 
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The  changes  in  Shelly  Bay,  referred  to  by  Nelson,  also  seem  to 
have  been  connected  with  the  drifting  of  sand  and  will  be  referred 
to  under  that  head  (Chapter  23). 

The  small  harbor  at  the  Flatts  has  been  subject  to  many  changes, 
owing  to  the  swift  tidal  currents,  which  are  continually  moving  the 
sands,  combined  with  the  effects  of  storm  waves,  which  often  work 
against  the  tides.  There  have  been  periods  in  the  past  when  it  was 
used  as  a  harbor  for  trading  vessels,  but  it  is  now  much  obstructed 
by  sand  bars.  However,  in  very  early  times  the  same  thing  occurred, 
for  in  1629  there  is  a  record  of  the  payment  of  50  pounds  of  tobacco 
to  Thomas  £mmet  for  "  digging  the  channel  at  the  Flatts  mouth," 
.which  had  become  obstructed  by  the  formation  of  a  sand  bar,  even 
then.*     Nelson,  1840,  said  of  it : 

"  The  Flatts  Inlet,  entrance  to  Harrington  Sound,  is  perceptibly 
filling,  notwithstanding  the  benefit  it  receives  from  the  Sound  as  a 
backwater.'^  The  same  condition  still  exists.  It  is  a  locality  of 
shifting  sand  bars. 

Nelson,  1840,  also  made  the  following  observations,  which  are  still 
applicable : 

^'  Thus  at  the  head  of  Crow-lane,  Bermuda  or  Main  Island,  within 
the  memory  of  the  present  generation,  ships  of  some  burthen  used  to 
lie  at  wharfs,  where  now  scarcely  a  large  boat  can  repair  at  all  tides. 
The  same  has  occurred  in  the  narrow  channel  between  Ordnance 
Island  and  the  Market-wharf  at  St.  George's,  but  to  a  far  greater 
extent." 

However,  on  the  whole,  the  changes  since  the  first  accounts  were 
written,  about  300  years  ago,  have  been  small  and  local,  and  entirely 
insnfiicient  to  materially  alter  the  general  form  and  character  of  the 
islands  and  reefs.  The  following  accountf  applies  perfectly  well  at 
present.  It  is  also  of  special  importance  as  indicating  the  condition 
of  the  outer  reefs  and  channels  at  that  time,  thus  showing  that  there 
cannot  have  been  apy  notable  changes  in  level,  nor  any  extensive 
changes  by  erosion : 

'^  And  thus  conditioned  rest  thes  small  ilands,  in  the  midst  of  a 
huge  maine  ocean,  whose  violence  is  borne  of  and  broken  in  the 
north-east  side  by  infinite  numbers  of  uncertaine  rocks,  being  shal- 
lowely  hidd  for  three  leagues  out  at  sea.     As  to  the  south warde  of 


*  See  these  Trans.,  xi,  p.  435  :  **  The  Bermada  Islands, "  p.  23  ;  Lefpoy,  Memo- 
rials, p.  489. 
t  Published  in  1610,  by  Wm.  Stracby.     (A  true  Repertory,  etc.) 
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them  is  found  a  continued  ledge  of  the  same  mettall  within  halfe  a 
league  of  the  shore,  servinge  to  the  same  purpose  on  that  side,  the 
which  betwixt  them  (leavinge  noe  open  approach  to  any  part  of  the 
shore  which  vessels  of  any  burthen,  save  only  through  thoes  two 
channells  which  greatly,  gently  and  peaceably  conveye  the  bene6tt 
of  the  sea  through  the  straight  and  narrowe  mouthes  of  the  two 
harbours  into  the  large  bosome  of  the  firme  and  rocky  earth)  prove 
thereby  so  terrible  and  sure  a  fortification  against  all  invasive 
attempts  that  waye,  as  by  haveinge  some  sort  art  added  unto  them 
at  the  harbours  mouthes  since  the  plantation,  they  cause  the  whole 
peece  to  become  as  fully  impregnable,  and  as  easily  to  be  defended 
against  any  ennemye  as  (I  think)  any  one  in  that  nature  of  Chris- 
tiandome." 

Ancient  Maps, 

Strachy  refers  to  a  map  of  the  islands,  made  by  Admiral  Soniers 
while  detained  there  by  the  shipwreck,  in  1609.*  That  map  was 
never  published  and  was  probably  lost  soon  after  it  was  made.  It 
would  be  of  great  interest  now. 

But  Richard  Norwood,  a  very  competent  surveyor,  was  employed 
by  the  Bermuda  Company  from  1615  to  1622,  to  make  a  careful 
survey  and  map  of  the  islands.  His  first  map,  published  in  1626i 
and  a  later  one,  made  by  him  before  1633,  are  still  in  existence,  and 
both  have  been  republished.!  • 

I  have  carefully  compared  these  early  maps  with  the  most  recent 
Admiralty  charts  and  with  other  maps  made  during  the  past  century. 
The  changes  in  outlines  are  very  slight.  In  some  cases  small  bays 
or  coves  have  been  converted  into  lagoons  by  the  formation  of  sand- 
bars across  the  mouth.  In  other  cases  such  bars  have  apparently 
been  washed  away,  converting  a  small  lagoon  into  an  open  cove. 
These  are  phenomena  that  are  common  on  all  sandy  shores,  and  may 
take  place  during  a  single  severe  storm. 


*  *'  For  no  greater  distance  is  it  from  the  Northwest  Point  to  Qates  his  Bay, 
as  by  this  Map  yonr  Ladyship  may  see,  in  which  Sir  George  Snmmers,  who 
coasted  in  his  Boat  about  them  all,  tooke  great  care  to  expresse  the  same  exactly 
and  fall,  and  made  his  draught  perfect  for  all  good  occasions,  and  the  benefit  of 
such,  who  either  in  distresse  might  be  brought  upon  them,  or  make  saile  this 
way." 

t  See  page  129,  foot  note,  for  more  details  of  these  maps.  A  later  careful  sur- 
vey was  made  about  1780  by  Lempriere,  whose  first  edition  I  have  not  seen.  It 
was  republished  in  ''The  West  Indian  Atlas,''  by  Thos.  Jeffreys,  London,  1780. 
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The  variationB  from  the  present  outlines  are,  in  most  cases,  no 
greater  than  might  be  due  to  slight  inaccuracies  of  the  surveyor  or 
engraver.  Thus  the  maps  confirm  the  conclusion  that  changes  due 
to  erosion  are  here  very  slow. 

22,     Origin  of  the  SheU-sands. 

Until  quite  recently  most  writers  called  the  calcareous  sands  of 
Bermuda  *' coral  sands."  Nelson  was  probably  the  first  writer  to 
definitely  state  that  the  sands  are  mainly  derived  from  small  shells. 
Mr.  A.  Agassiz  considered  them  as  mostly  derived  directly  from  the 
disintegration  of  the  SBolian  limestones  of  the  reefs  and  cliffs,  though 
ultimately  derived  from  shells,  corallines,  etc.  According  to  our 
studies,  the  sand  and  mud  of  the  sounds,  bays,  and  shores  are  mostly 
shell-sand,  whenever  the  materials  are  coarse  enough  to  be  identified. 
But  in  the  deeper  parts  of  the  harbors  and  sounds  there  is  a  large 
admixture  of  calcareous  mud,  so  finely  divided  that  its  origin  can- 
not be.determined  directly.*  As  all  gradations  exist  between  such 
fine  particles  and  those  that  can  be  recognized  as  fragments  of 
minute  shells,  it  is  pretty  safe  to  assume  that  a  corresponding  per- 
centage of  the  fine  material  is  also  of  shell  origin.  That  a  consider- 
able part  of  the  sand  and  mud  is,  in  many  places,  the  detritus  of 
eroded  rocks,  especially  near  the  shore  cliffs,  is  very  evident,  but  the 
proportion  is  probably  much  smaller  than  Mr.  Agassiz  supposed. 
Therefore  ttfere  is  reason  to  believe  that  the  total  mass  of  material  is 
increasing,  not  diminishing  as  some  have  supposed. 

We  collected  large  amounts  of  the  bottom  materials  from  numer- 
ous localities  for  study,  with  reference  to  their  origin.  Among  the 
localities  were  Murray  Anchorage,  Bailey  Bay,  Great  Sound,  Har- 
rington Sound,  Castle  Harbor,  etc.,  in  depths  of  1  to  10  fathoms,  as 
well  as  on  the  shores. 

They  were  all  rather  similar,  though  differing  much  in  fineness,  and 
especially  in  the  relative  amount  of  impalpable  mud.  When  the 
fine  mud  is  washed  out  through  fine  sieves,  the  sand-like  material 
that  remains  consists,  in  nearly  every  case,  mainly  of  small  broken 
shells,  together  with  many  entire  specimens,  living  or  recently  dead. 

More  than  50  species  of  these  small  shells  can  often  be  picked  out 
from  a  single  sample  of  mud,  after  washing.     In  most  cases  the  small 


*  See  also  Verrill,  Notes  on  the  Geology  of  Bermada,  Amer.  Jonm.  Science, 
ix,  pp.  838-331,  figs.  8,  9,  1900,  and  Moseley,  Notes  by  a  Natnralist  on  the 
Challenger,  1879. 
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bivalveB  are  in  eicesB  of  the  uoivalveB,  ihangh  more  of  the  latter  are 
entire.*     (See  figures  34a,  346,  and  pi.  xxiv,  figs.  1,  2,) 

Part  of  the  small  shells  are  the  young  of  larger  species,  bat  the 
greater  number  never  grow  large.  Such  small  species  (pi.  xxiv)  are 
probablj  annual,  or  at  most  biennial,  and  reproduce  rapidly,  so  that 


Figure  34a.~Wa8hed  shell-und  from  off  Batley  Baj,  in  4  fathoniB.      x  1^. 
Figure  34b. — Washed  sbell-sand  from  mun  Ship  Chanoel,  in  6  fathoms,      x  1>^. 

their  total  increase  in  bulk  is  greater  than  that  of  larger  shells  with 
slower  rates  of  growth  and  reproduction.  But  fragments  of  larger 
shells  are  also  found  in  considerable  numbers  in  most  samples,  espe- 
cially in  those  from  the  shores  and  very  shallow  waters. 

In  many  localities,  near  the  reefs  and  rocks,  fragments  of  Verm«- 
tua  and  allied  genera  occur  in  considerable  quantity.  One  of  these, 
TenagoduK,  or  Siliguaria,  ruber,  is  red  and  often  imparts  a  reddish 
tint  to  the  sand.  In  other  cases  the  reddish  tint  is  due  mostly  to 
fragments  of  Spondyliia,  TelUna  and  Chaniu,  and  to  the  sessile  fora- 
minifer,  Pulytrema  mimaceutu,  which  is  common  on  dead  corals. 

In  nearly  all  the  samples  of  fine  «and  a  very  small  percentage  of 
diatoms,  spicules  of  gorgoniffl  and  of  sponges,  and  shells  of  ostra- 
codes  could  be  found,  and  also,  occasionally,  a  few  radiolarians,  but 
such  organisms  collectively  would  usually  not  make  up  a  tenth  of 
one  per  cent,  of  the  material. 

Fragments  of  corallines,  or  calcareous  algse,  of  the  genera  Jfali- 
mtda,  Udotea,  Lilkothamniou,  etc.,  are  usually  common,  especially 
near  the  reefs,  and  often  form  an  important  element.     Foraminifeia 

•  Nmneroua  apecies  of  these  siuall  sBelle  were  deicribed  and  figured  by  Ver- 
riU and  Basb,— these  Trana.,  vol.  x,  pp.  518-544,  pis.  liiii-liv,  ISOO;  and  "The 
Zoology  of  Bermnda,"  article  3,  reprint. 
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of  several  speciea  are  also  common,*  and  also  fragments  of  starfishes, 
echini,  and  other  euhinoderms.     FragmeiiUof  calcareous  worm-tubes 


F^are  85. — Benunda  Fommlulfem,  1,  Miliotina  eircutaria,  side  view;  2,  Milio- 
Una  lemin-attim,.  Bide  view ;  2a,  end  view  ;  S,  M.  pulchella,  aida  rieir ;  %a, 
vaA  view ;  4,  Textutaria  trochut,  aide  view  ;  6,  T.  concava,  side  view ;  5a, 
end  Tiew;  6,  T.  lucuUnta,  aide  view;  6a.  end  view;  7,  Otooulfna  rommunit. 
ude  view  ;  S,  Nodotaria  mitcronata,  aide  view  ;  9,  Biioeulina  ritigem ;  10, 
aiofngerina  bulloides  •  10a,  the  aame,  with  basea  of  spines  remaining;  II, 
Orbicvlina  adttnca,  yoong;  12,  the  Bame.  adult;  18,  Corntapira  foUacra,  x6; 
14,  !foni<minadeprra)ttla;  15,  Cristtllaria  comprfsaa;  16,  Peneropliapertuaus; 
Figs.  1-10  ,  14-ie,  after  Bradr;  11-13  after  A.  Agassiz. 

of  the  Serpula  family  are  also  commoQ  in   the  deposits  from  near 

ledges  and  reefs. 


*  Among  the  commoD  species  are  Orbiculina  aditnca,  OrbitoliUi  marginalii, 
O.  duplex,  O.  compianata.  Orbrithia  uniwrea,  Miliotina  circularii,  Jf.  renvsta, 
M.  teminuliim,  M.  pntchella,  Comuspira  foliacea,  Textularia  concava,  T.  iucu- 
lenta,  T.  troehu$,  Ammoditdi  ttaxiia,  Clavalina  comuiunfi,  I'tneroplii  pertustu. 
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Fragments  of  oorale  are  neually  few  in  number,  even  in  the 
vicinity  of  tbe  reefs.  The  moBt  common  form  is  the  slender  branched 
hydroid  coral,  MilUpora  alcicomU  {fig.  36  and  pi.  xxx  a),  which  !■ 
abundant  on  all  the  reefs  and  is  easily  broken.  Of  the  true  corals, 
fragments  of  the  slender  branched  Oculina  diffusa  (fig.  36a)  are 
occasionally  found,  and  in  some  localities  the  thin  edged  shade-coral, 
Agaricia  JVagUia,  occurs  in  the  form  of  thin  fragments.  Fragments 
of  the  more  solid  or  massive  genera,  snch  as  Poritet,  Muaaa,  Maean- 
dra,  Orbicella,  etc.,  are  rare  in  the  mud  and  sand,  even  near  the 
reefs. 


Fignre  36. — MilUpora  aUicomis,  braDcbeB,  ^  natoral  siEe. 

Figure  86a. — Oculina  difftiia,   branch   with   expanded  poln>*i  natural  aixe ;  b, 

the  same,  mote  enlarged.     After  Agassiz. 
Fignre  866. — SchiMoporella  l»abelliana,  gronp  of  oella.  mnoh  enlarged. 

Bryozoa  of  several  kinds  are  often  met  with  in  some  localities. 
One  of  the  most  common  forms  is  a  thin  encrusting  species  of 
Bijfualra,  which  grows  abundantly  on  the  stems  and  fronds  of  float- 
ing SargoMum.  Another  common  species  is  Idmonea  atlantica 
(fig.  36c),  which  grows  abundantly  on  the  reefs  in  slender  branched 
forms  with  tubular  calicles.  Some  larger  or  more  solid  foliaceous 
species  also  occur  not  infrequently.  Among  these  is  a  species  that 
at  first  forms  thin  crusts  on  rocks  and  dead  corals,  but  later  often 
becomes  massive,  or  has  tubular,  pink-tipped  branches  (36d). 

In  shallow  water  near  the  shores  land-shells  are  rather  common  in 
the  sand.  Among  those  found  were  Poecilozonitea  hermvdentia,  P. 
circumfirmatua,  Polygyra  microdonta,  Svbvlina  octona,  Jiumina 
decoUata,  Helicella  ventricoia,  Helicina  convexa,  Truncatella  cari- 


Bflooulfiut  bulloidtt,  B.  ringtna,  etc.  For  much  longer  liata  of  the  Bermuda 
Fonuniuifent.  see  Woodward,  Jonnud  New  York  Hicioeoopical  Society,  1865, 
p.  147,  and  Brad;,  Tojage  of  the  Challenger,  Zoology,  vol.  ii,  with  a  volnme 
of  plates.  Most  of  tbe  epeciea  are  descrihed  and  figored  by  the  latter.  The  thin 
circular  and  subcirualar  dleke  of  OrbitolHet,  Orbicviina  and  I^nrroplit  are 
among  the  largest  and  meet  common  forma.  Fot  fossil  epeciee,  see  chapter  24. 
Trans.  Cohn.  Acad.,  Vol.  XII.  10  Furuart,  1906. 
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begenait.  All  these  are  common  ^petiea  which  can  easily  be  washed 
into  the  sea  by  rains  or  blown  by  the  winds.  Seeds  of  land  plants 
occurred  in  small  numbers  in  the  same  localities. 

Near  the  ship-channels  there  was  usually  a  considerable  per  cent. 
of  small  fragments  of  coal  and  cinders.  The  latter  were  usually 
decomposed,  partially  or  wholly,  to  small  reddish  lumps  of  red  clay, 
often  soft  enough  to  be  easily  crushed  between  the  fingers.  In  some 
samples  from  oiF  Bailey  Bay,  such  fragments  of  cinders  conslituted 
about  10  per  cent,  of  the  washed  material. 


Figure  36c,  a-d. — Jdmoata   allantica,  brauuhes  of  different  sizea  and  shapes  : 
mach  enlai^ed.     Drawn  by  A.  H.  Verrilt. 

An  average  sample  of  the  bottom  from  Bailey  Bay,  iu  6  fathoms, 
had  about  the  following  proportions  ;  Impalpable  and  very  fine  mud, 
60  per  cent.;  coarse  materials,  such  as  fragments  of  larger  shells,  bits 
of  limestone,  etc.,  5  per  cent.;  shell-sand  stopped  by  the  finer  sieves, 
35  per  cent. 

The  washed  shell-sand  was  estimated  lo  consist  of  the  following 
average  percentages: 

Smftll  shells,  entire  and  broken 6S 

Corala,  Millepora,  etc 8 

Conllines  ,,, 8 

Bryozoa . 1 

Echinoderms 0.5 

Foraminifera 6 

Other  organiama 0.5 

Limeatone  detritus.. ■ 8 


In  some  samples  the  shells  formed  at  least  90  per  cent.     Of  course 
snch  estimates  can  be  only  approximate,  for  no  two  lots  would  be 
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jnBt  alike.     Some  of  the  most  abundant  speciett  of  small  shells  com- 
monly  found  are  shown  on  plate  xxiv,  figures  1,  2. 

In  the  channels  and  passages  between  the  islands,  and  especially 
on  shallow  bara,  where  there  are  active  currents  and  wave  action, 
the  fine  calcareous  ooze  is  washed  away  more  or  less  completely  and 
the  bottom  usually  consists,  in  such  places,  of  nearly  clean  shell-sand, 
which  may  contain  numerous  living  and  dead  foraminifera,  amount- 
ing, in  some  cases,  to  10  or  even  20  per  cent.,  while  in  the  immediate 


Figure  37a. — Sliehopus  Miibii.  spotted  vanet;,  ventral  aide,  k  natural  eise. 
Figure  876. — The  same,  dorsal  side.     Drawn  from  life  by  A.  H.  Terrill. 

vicinity  of  reefs  the  fragments  of  calcareous  algte  may  sometimes 
amount  to  25  per  cent,  or  more,  and  in  such  places  the  fragments  of 
MUUpora,  OcuUna,  etc.,  may  rise  to  20  per  cent,  or  more,  in  some 
instances. 

In  the  sheltered  harbors  and  more  or  less  enclosed  lagoons,  espe- 
cially in  the  deeper  parts,  where  there  is  but  little  wave  action,  the 
fine  ooze  that  is  washed  out  from  other  places  settles  down  and 
forms  a  soft,  more  or  less  coherent,  whitish,  grayish,  or  yellowish 
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mud,  that  Mr.  Agassiz  called  ''marl."  In  such  localities  there  are 
comparatively  few  living  organisms,  except  sonie  small  foraminifera, 
though  the  common  sea-urchin  {Toxopneustes\  the  black  holothurian 
{Stichopu8)y  and  various  annelids  may  also  flourish  in  large  numbers. 
Such  bottoms  occur  in  Harrington  Sound,  Hamilton  Harbor,  Great 
Sound,  St.  George's  Harbor,  etc. 

In  some  cases  part  of  this  ooze  or  mud  has  probably  been  washed 
in  from  the  shores  by  rains,  and  in  that  case  it  comes  from  the  old 
seolian  limestones,  as  Mr.  Agassiz  claimed.  But  I  am  disposed  to 
believe  that  most  of  it  is  recent  and  of  the  same  origin  as  the  coarser 
particles.  The  rocks  and  soil  here  are  so  porous  that  there  is  but 
little  running  water,  even  during  i-ains.  But  during  heavy  storms, 
especially  when  of  some  duration,  the  water  over  all  the  sounds 
often  becomes  milky  with  this  fine  ooze  that  is  stirred  up  from  the 
bottom  by  the  wave-motion.  It  sometimes  does  not  clear  up  for  a 
day  or  two.  At  such  times  great  (|uantities  of  the  flne  sediment  is 
deposited  in  those  places  where  the  water  is  most  quiet  and  thus  the 
ooze  sometimes  accumulates  very  rapidly.* 

The  broken  condition  of  the  larger  part,  even  of  the  smaller  shells, 
and  the  finely  comminuted  mud  are  probably  largely  due  to  the  fact 
that  the  shells,  and  even  the  mud  in  bulk,  are  the  food  of  various 
marine  animals.  Indeed,  it  is  probable  that  most  of  this  sand  and 
mud  has  more  than  once  passed  through  the  digestive  organs  of  the 
mud-dwelling  forms  of  life,  and  in  this  way  the  shells  have  been 
broken  into  small  fragments  or  reduced  to  powder. 

One  of  the  most  important  species,  for  this  kind  of  geological 
work,  is  a  large  holothurian  (Slichopits  M6bii)y\  which  occurs  in 
great  numbers  on  all  the  white  muddy  bottoms.     (Figures  37a,  37^.) 


*  This  fine  calcareons  mud  is  carried  out  to  sea  many  miles  by  the  tides  and 
cnrrents,  for  it  largely  covers  the  submarine  slopes  of  the  Bermuda  mountain  at 
all  depths  down  to  2475  fathoms,  and  as  far  away  as  .43  miles,  according  to 
Thomson.  He  states  (''  The  Atlantic,"  i,  p.  289),  that  the  Challenger  sounded  on 
the  slopes  of  Bermuda  at  120,  780,  950,  1820,  2250,  and  2475  fathoms,  and  at  all 
these  places  the  bottom  mateiial  consisted  largely  of  **  soft,  white,  calcareous 
mud,  evidently  produced  by  the  disintegration  of  the  Bermuda  reef  and  of  the 
multitude  of  pteropod  shells  that  sink  down  from  the  surface." 

t  Several  other  names  have  been  given  to  this  species.  The  scarcer  variety, 
which  is  yellowish  or  brownish  with  large  black  spots,  agrees  best  with  Motrii 
Semper,  of  the  West  Indies.  It  was  later  named  S.  xanthomela  by  Heilprin. 
The  abundant  black  variety  was  named  S.  diaboli  by  Heilprin,  but  it  seems  to 
be  only  a  color  variety.  The  name,  diaboli,  may  well  be  retained  to  indicate 
the  common  black  form,  as  a  variety. 
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This  is  usually  nearly  or  quite  black  in  color,  though  sometimes 
gpotte<),  and  is  10  to  15  inches  long  and  3  to  4  inches  broad.  It  is, 
therefore,  very  conspicuous  when  the  white  bottom  is  viewed  with  a 
water-glass. 

This  creature,  like  all  the  larger  bolothurians,  has  a  large  con< 
voluted  intestine,  which  is  always  found  crammed  full  of  the  bottom 
mud,  from  which  it  digests  out  any  nutritive  material  that  it  may 


Figure  38.— /fofotAun'a  Bathhani,  JJ  nalunJ  iize.     Phot,  b.v  k 
Figure  3B. — Synapta  rouola.  Pink  Sjnapta,  about  %  natural  si 
dermal  ancbora  mncb  enlarged. 


contain,  but  the  inert  residue  is  passed. out  in  great  quantities  and 
mosily  in  a  slate  of  fine  division.  Another  large  holothurian,  but 
much  more  slender  (Uolothitria  RiUhbuni)  lives  buried  in  holes 
beneath  the  surface  o^  the  mud,  but  feeds  in  the  same  way.  It  is 
often  15  inches  in  length  and  pale  rusty  brown  in  color  with  darker 
brown  blotches.* 

Several  other  smaller  and  more  slender  burrowing  holothiirians, 
which  commonly  occur,  belong  to  the  genera  Synapta  and  Chirodola. 

■These  Trans.,  vol.  li,  p.  87,  pi.  i,  figs.  6,  7;  Verrill,  ZoOlogy  Bermuda,  I,  art. 
10,  pi.  I,  ags.  e,  a,  6,  T,  1901. 
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Among  them  are  A',  roseola  (fig.  39),  S.  inhmreiit,  S.  acanthia,  and 
C  rotifera.  AU  of  these  swallow  the  mud  in  bulk,  picking  it  up 
with  their  oral  tentacles,  which  they  use  like  hands  while  feeding. 
Some  of  the  sea-urchins  which  live  on  these  bottoms  have  the 
same  habit  of  feeding  on  nind  and  sand  in  bulk,  while  others  select 
with  more  care  the  small  living  mollusks.  The  most  important  of 
these  is  Toxopneugtes  variegatuB  (fig.  40),  a  round  species,  2  to  4 
inches  in  diameter,  thickly  covered  with  dark  purple,  violet,  or 
brown  spines.  It  is  everywhere  abundant  on  the  muddy  and  sandy 
bottoms,  often  associated  with  the  large  SUchopva,  feeding  in  the 


Figure  ^.—ToxnpneusUn  r 


■iegalti 


,   %  natnral  siie.     Phot,  by  A.  H.  VerriU. 


same  way.  A  larger  but  much  less  common  species,  HipponoS  escu- 
lenta,  has  the  same  habit.     Its  spines  are  shorter  and  nearly  white; 

In  certain  localities  a  flat  "cake-urchin  "  or  "sand-dollar,"  with 
six  perforations  (Melitta  sex/oris),  is  abundant-and  feeds  on  the  sand. 

A  large  starfish,  with  five  long  flat  rays,  is  common  in  some  places, 
living  under  the  surface  of  the  sand.  It  is  remarkable  for  tbe 
rapidity  with  which  it  can  glide  along,  using  its  numerous  large 
ambulacra!  feet  as  paddles  or  oars  for  swimming  or  gliding,  while 
concealed  just  under  the  loose  sand.  It  feeds  on  small  mollusks. 
This  is  the  Luidia  clathrata,  common  also  on  the  Carolina  coasts.  A 
very  common  ophiuroid  ( Ophionereia  rettciUata),  with  long  slender 
arms  and  a  pale  yellowish  body,  reticulated  with  brown  lines,  also 
lives  in  the  sand  and  under  stones. 
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Annelids  of  Diany  kinde*  al66  swallow^  the  mud  and  sand  vith 
little  selection,  while  others  pick  out,  with  their  prehensile  organs, 
the  small  living  otollusks,  etti.  Among  the  larger  forma  burrowing 
in  the  sand  B,Ta  Areuicota  crisUita  {6g.  41)  and  Enpolymnia  mag- 
nifica  (plate  xxnv,  fig  I,  a);  alfo  the  "  blood-drop"  Enoj^branchua 
sanguinevi  Ver. 

The  first  is  often  12  to  15  inches  long  and  nearly  an  inch  in 
diameter.  Its  color  in  life  is  dark  olive-green  or  blackish  green, 
with  dark  red  plumose  gills.  It  is  common  on  moat  of  the  sandy 
bottoms  in  shallow  water  and  at  low  tide.  It  makes  large  and  deep 
burrows,  which  often  have  large  coils  of  mucus  at  the  entrance. 
The  second  is  nearly  white,  with  a  body  more  than  a  foot  long.     Its 


Figure   41. — Artaicola  eiiatata ;  a,  profile ;   b,   doisal   view;   i^f  nstanil  size  ; 
Phot,  by  A.  H.  Verrill. 

numerous  white,  slender,  prehensile  tentacles,  which  spread  out  in 
every  direction,  are  often  more  than  a  foot  long.  Its  intestine  is 
usually  so  filled  with  mud  and  sand  that  the  delicate  walls  of  the 
body  will  burst  when  it  is  taken  from  its  burrow.  It  builds  in  the 
burrow  a  large  and  rather  delicate  tube  usually  consisting  mostly 
of  small  bivalve  shells,  both  entire  and  broken,  loosely  cemented 
together.  The  tube  is  concealed  in  the  sand  or  under  stones  in 
sandy  places.  It  selects  such  materials  with  its  tentacles  and  puts 
them  in  place  with  the  same  organs. 

*  Many  of  the  ouiielidB  were  described  by  me  in  thpw  Trans.,  vol.  i,  pp. 
695-670,  1900. 
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Another  large  species  ( Cirratulttt  grandif)  m  olive-green  or  yel- 
lowish brown,  with  nameroua  long  reddish  cirri  (fig,  42),  The  large 
PecCifiaria  regalit,  which  constructB  a  remarkable  portable,  cornu- 
oopia-shaped  tube  of  Bhell-saQd,  the  particles  regularly  cemented  in 
a  single  layer,  is  common.*  Many  smaller  species,  with  similar  feed- 
ing habits,  are  abundant  in  the  mud  and  sand,  and  must  make  large 
contribntions  to  the  deposits  of  fine  materials. 

Many  species  of  crabs  found  there,  and  also  Other  crustaceans, 
feed   largely  on  small   mollusks,  usually  crushing  the  shells  with 


Figure  42.— Ctrra(u(ug  grandU  V.,  nat.  aire.     Drswn  from  life  by  A.  E.  Verrill. 

their  strong  claws,  thus  contributing  to  the  shell-sand.  Many  of  the 
univalve  mollusks  {Gastropoda)  feed  on  bivalves,  usually  drilling 
a  hole  in  the  shell  through  which  they  suck  the  blood.  The  well- 
known  "drill,"  which  is  so  destructive  to  young  oysters  on  the 
American  coast,  is  a  good  example.  Many  related  species  with 
similar  habits  are  found  in  Bermuda,  There  are  also  many  fishes, 
abundant  there,  that  feed  on  small  mollusca  and  other  calcareous 
bottom  organisms  and  thus  contribute  to  the  formation  of  the  line 
mud, 

*  These  Tranti.,  vol.  li,  p.  38,  pi.  viil,  figs.  6,  7,  1901. 
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The  rongh  and  corroded  appearance,  often  noticed  on  the  surface 
of  broken  shells,  is  due,  without  much  doubt,  in  nearly  all  caEes,  to 
the  action  of  the  digestive  fluids  of  fishes  and  other  animals  that 
swallow  the  mollnsks.  Id  aoine  instances  similar  effects  may  be  due 
to  acids  generated  by  decaying  vegetable  matters,  with  which  they 
have  been  in  contact  at  the  bottom. 

That  no  appreciable  loss  of  the  coarser  bottom  materials  occurs 
through  solution  is  evident,  for  if  the  carbonated  waters  were  not 
already  saturated,  they  would  surely  first  dissolve  the  impalpable 
calcareous  mud,  which  is  everywhere  present  in  larger  or  smaller 
proportions,  and  thus  speedily  become  saturated  with  lime.     Nor  is 


Fipire  48. — Borings  of  LUbophagua  appendiculatia,  in  hard  lim«etone,  aboat  }^ 

Figure  43a. — The  aame  ;  a,  one  of  the  Bhelle  removed. 

there  evidence  that  solidification  of  these  sediments  is  taking  place 
anywhere  beneath  the  sea,  by  the  deposition  of  the  calcium  carbon- 
ate from  solution. 

The  breaking  up  of  the  massive  corals  and  the  larger  shells  is  due 
largely  to  the  action  of  various  kinds  of  boring  creatures,  which 
penetrate  the  basal  and  older  parts  of  the  corals  and  the  thicker 
parts  of  shells  and  gradually  weaken  them  till  the  action  of  the 
waves  can  reduce  them  to  fragments.  Specimens  of  the  common 
brain-coral  are  sometimes  found  five  to  six  feet  in  diameter.  These 
are  probably  more  than  1 50  years  old.*    They  would  doubtless  grow 

*  So  far  BB  known  there  is  no  deAaite  limit  to  the  dnration  of  the  life  of  the 
large  compotmd  corals.  Were  it  not  for  accideuts  and  enemiea,  saoh  ae  borers, 
they  might  live  a  thoasand  years  or  more,  for  aught  that  we  koow  to  the  con- 
trary. As  it  is,  some  of  the  Paciflo  maseive  corals  become  20  to  80  feet  or  more 
in  diameter,  indicating  ages  of  500  to  SCK)  years. 
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much  larfrer  were  it  not  for  the  undermining  of  their  bases  by  bor- 
ing apoDgee,  mollusks,  annelids,  etc. 

Among  the  most  common  and  important  of  the  borers  are  bivalve 
mollnsks  of  the  genua  Lilhophaga.  One  of  these,  a  dark  brown  or 
black  apeciea,  about  3  inches  long  (X.  nigra),  is  very  common  in 
the  bases  of  large  corals.  Other  apeciea  with  the  same  babiu  arc 
L.  appendiculata  (fig.  43,  43a)  and  L.  bisulcala.  Other  boring 
bivalves  common  here  are  Ga»troch<xna  rottrata  and  CoralUophaya 
corallioph  aga,  * 

Several  species  of  annelids  are  constantly  found  in  irregular 
burrows  and  tubes  in  the  dead  or  partly  dead  corals,  but  it  is  uncer- 
tain, in  most  cases,  whether  they  make  the  burrows  or  simply  occupy 


a;   from  ciomlB,   ihtiwing  different   color 
Phot,  by  A.  H.  VerriU. 

those  made  by  sponges  and  mollusks.  Several  large  species  of  f.eo- 
dice,  Marphysa,  Nicidion,  etc.,  are  particularly  common  and  with 
other  forma  found  in  corals  will  be  referred  to  later,  in  discussing 
the  life  of  the  reefs.     See  chapter  30. 

Several  species  of  Gephyreans  also  occur.  One  of  these,  Physco- 
aoma  varians  (fig.  43d),  which  is  very  common,  seems  to  be  a  true 
borer,  but  may  be  only  an  intruder.f 

Certain  species  of  Kiliceous  sponges  are  among  the  moat  destruc- 
tive of  the  boring  animals  that  attack  corals  and  shells.     They  make 

*  See  these  Trans.,  vol.  i,  pi.  Ixiii,  figs.  9,  ID. 

t  See  these  Trans. ,  vol.  x,  p.  069  ;  Verrill,  Zoeiog;  of  Bermvda,  art.  9,  p.  609, 
1900. 
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irregalar  branched  burrows  of  all  sizes,  finally  reducing  the  coral, 
shell,  or  even  hard  limestones,  to  a  mere  honeycomb,  easily  crumbled 
by  the  waves.  They  mostly  belong  to  the  genus  Cliona.  One  such 
species  ( (7.  sulphurea),  common  on  the  American  coast,  from  Cape 
Cod  to  Florida,  is  famous  for  its  destructive  borings  not  only  in  the 
shells  of  oysters,  etc.,  but  even  in  hard  marble. 

The  related  Bermuda  sponges  have  not  yet  been  determined  spe- 
cifically, but  they  are  abundant  and  destructive. 

One  of  the  common  reef  dwelling  sea-urchins  {Echinometra  sub- 
angularis^  pi.  xxxiv,  a,  has  the  remarkable  habit  of  forming  cavities 
or  holes  for  itself  in  the  solid  limestones.  Even  when  it  becomes  3 
to  4  inches  in  diameter  the  holes  just  fit  its  form. 

23.     Modern  Sand  Dunes  and  Peat  Bogs, 

In  recent  times  the  activity  of  the  drifting  sands  has  been  quite 
variable,  depending  mainly  on  the  effects  of  the  vegetation  that 
borders  and  encroaches  upon  the  dunes. 

It  is  singular  that  none  of  the  early  settlers,  who  wrote  such  full 
descriptions  of  most  of  the  other  features  of  Bermuda,  say  anything 
definite  about  the  drifting  sands,  which  later  became  a  conspicuous 
feature.  Neither  are  areas  of  barren  sands  indicated  on  the  early 
maps  of  Norwood  (1626-1663).  Though  there  is  mention  of  some 
barren  sandy  lands  on  Ireland  Island  in  the  early  records,*  the  dis- 
trict about  Tucker's  Town  was  cultivated,  and  from  the  records 
appears  to  have  been  fertile,  for  it  is  mentioned  that  Governor 
Tucker  (1616)  planted  figs  and  pomegranates  there. 

Therefore  it  is  probable  that  at  the  time  of  the  first  settlement  of 
the  islands  (1611)  the  native  vegetation,  especially 'the  cedars,  had 
so  fully  covered  the  soil  that  the  sands  no  longer  drifted  to  any  great 
extent,  except  close  to  the  shores,  and  so  did  not  attract  attention. 
At  the  time  when  Lieut.  Nelson  wrote  (1833-37)  the  drifting  sands 
had  attained  considerable  importance,  and  he  mentions  that  the  drift- 
ing, in  the  vicinity  of  Elbow  Bay,  had  begun  about  70  years  previ- 
ously (about  1763),  and  at  Tucker's  Town  about  1773.  His  account 
is  as  follows: — 

"  The  proprietor  of  the  principal  part  of  the  land  of  this  bay,  the 
venerable  Captain  Lightbourne,  remembers  an  attempt  about  seventy 
years  ago,  when  the  inhabitants  expected  an  attack  from  the  French 
and  Spaniards,  to  form  a  breastwork  along  the  sand    hills  which 


See  these  Trans.,  yoI.  xi,  pp.  476-479 ;  "  The  Bermuda  Islands,''  pp.  64-67. 
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then,  as  at  Shelly  Bay,  skirted  the  coast.  In  doing  so  they  cut 
through  the  natural  protections  given  by  the  sea-shrubs  and  creepers 
which  usually  abound  in  such  places.  From  that  day  the  sand, 
supported  by  constant  supplies  from  the  sea,  has  steadily  proceeded 
up  the  hill  to  the  very  summit,  a  height  of  180  feet.  It  is,  however, 
surprising  to  observe  the  singular  state  of  arrest  under  which  the 
invader  stands  before  the  children  of  the  soil.  A  few  straggling 
cedarn,  widely  scattered  in  advance  of  the  wood  which  now  hounds 
the  apace,  have  lieen  passed  by  this  sand  flood,  yet  the  dazzling,  dry, 
and  almost  snow-white  sand  is  checked,  before  the  front  rank  of  the 


Fignre  44a. — Drifting  Baud,  or  advanciog  "sand  glacier,"  at  Elbow  Bay,  about 
1873.     After  ThomBon. 

trees,  in  a  steep  bank,  varying  from  tea  to  twenty  five  feet  in  height, 
and  HO  remarkably  well  defined  that  scarcely  a  particle  is  scattered 
beyond  a  distance  of  20  yards.  Although  this  inroad  commenced  so 
long  ago,  yet  the  principal  advance  has  been  since  IS07,  from  which 
date  about  200  yards  have  been  gained  on  the  eastern  side.  Before  I 
left  the  colony  in  March,  1833,  the  sand  had  reached  the  northern 
corner  of  a  cottage  belonging  to  a  mau  called  (fed  Keel  (on  Mr. 
Butterfield's  estate)  and  the  top  of  the  bank,  eight  feet  high,  was  on 
a  level  with  the  eaves  of  the  ehed.  During  the  last  fourteen  years 
it  has  progressed,  at  this  point,  only  about  forty  yards,  in  a  bed 
from  four  to  eight  feet  deep,  in  consequence  of  the  repulsive  action 
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of  a  tbin  belt  of  cedars  just  below.  Very  near  tbis  spot  also,  is  a 
small  circular  group  of  tbe  same  trees,  wbicb  tbe  sand  has  passed, 
and  imbedded  to  the  depth  of  from  six  to  eight  feet;  but  the  space 
within  has  been  so  perfectly  screened,  that  the  bottom  of  this  little 
oasis  is  the  natural  green-sward." 

"  There  is  another  encroachment  at  Tucker's  town,  said  to  have 
taken  place  about  sixty  years  ago;  it  has  crossed  the  neck  between 
Harrington's  Sound  and  the  sea;  but  beyond  this  it  does  not  seem 
inclined  to  move.  The  sand  has  not  been  stopped  at  the  eastera 
extremity  of  this  beach,  where  the  bluffs  commence,  by  their  very 
considerable  declivity, — though  it  has  been  most  effectually  at  the 
crest  of  the  slope,  by  a  natural  fence  of  sage  bush,  growing  partly 
in  the  soil  and  partly  in  the  sand;  which  as  it  ascended,  seems  to 
have  thus  rolled  on  with  the  seeds  of  destruction  to  its  progress  in 
its  own  bosom." 

When  J.  M.  Jones  wrote  (1866-72),  the  drifting  sands  were  still 
quite  active  near  Elbow  Bay,  as  quoted  in  my  former  paper  (vol.  xi, 
p.  474),  and  nearly  the  same  conditions  evidently  existed  at  the 
time  of  the  visit  of  the  Challenger,  in  1873.  When  Jones  wrote,  a 
small  cottage  had  been  buried  by  the  sand,  the  top  of  the  chimney 
alone  being  visible. '*'  This  chimney  and  the  moving  sand  dune  or 
"sand-glacier"  were  figured  by  Thomson  in  the  Voyage  of  the 
Challenger;  The  Atlantic,  vol.  i,  p.  310-13,  figs.  74-76, 

But  Jones  stated  that  even  in  his  time  the  activity  of  the  moving 
sands  had  greatly  diminished,  as  compared  with  1850,  owing  to  the 
vegetation.  Stevenson,  in  1897,  stated  that  the  sand  had  advanced 
but  little  at  Elbow  Bay  in  the  previous  20  years. 

Probably  the  modem  activity  in  the  drifting  of  the  sands  was 
brought  about  in  most  cases  by  the  reckless  cutting  of  the  cedars 
and  tbe  burning  of  the  brush,  combined,  perhaps,  with  the  disturb- 
ance of  the  surface  soil  to  make  roads  or  build  forts,  near  the  shore. 


*  The  description  of  this  locality  by  Jones,  1876,  p.  81,  is  as  follows: 
**0n  arriving  at  the  north-east  comer  of  the  sand-hills,  the  encroachment  of 
the  drifting  sand  will  at  once  be  perceived  ;  as  the  mass,  some  ten  feet  in  depth, 
is  now  gradually  covering  a  small  garden.  According  to  the  observations  made 
by  persons  residing  close  to,  this  overwhelming  body  has  advanced  over  the 
cultivated  land  about  eighty  yards,  during  the  last  twenty-five  years.  At  the 
N.E.  comer  of  the  hills,  will  be  seen  among  some  oleander  trees  near  the  top, 
the  chimney  of  a  cottage  which  formerly  stood  there,  inhabited  by  a  coloured 
family.  It  is  now  wholly  buried  in  the  drifting  sand,  save  the  chimney  ;  which 
alone  rises  above  the  mass  to  show  the  position  of  the  structure.'* 
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Lieut.  Nelson  also  described  the  changes  that  had  occurred  at 
Shelly  Bay,  as  follows  : 

"In  1801  Shelly  Bay  scarcely  existed  :  what  is  now  the  mouth, 
was  at  that  time  a  row  of  sand  hills;  and  the  road  on  the  north  side 
lay  close  within.  Some  free  blacks  who  lived  there,  being  in  need 
of  fuel,  cut  down  the  plants  which  kept  these  sand  hills  in  a  solid 
state.  Being  no  longer  duly  opposed,  the  sea  quickly  broke  through, 
and  now  retains  possession  of  the  ground  at  least  100  yards  in  rear 
of  the  old  road,  traces  of  which  are  still  visible.  The  Mangrove 
Swamp  between  the  beach  and  the  present  road  was  until  then  a 
garden."  .  .  . 

The  condition  of  Shelly  Bay  appears  to  be  still  nearly  as  described 
by  Nelson.*  As  to  its  previous  condition,  I  know  of  no  earlier 
description  in  which  the  sand  hills  across  its  mouth  are  mentioned. 
On  the  contrary,  on  the  early  maps  of  Norwood  it  is  represented 
with  nearly  its  present  outline.  In  the  earliest  accounts  it  is  men- 
tioned as  a  bay  abounding  in  fishes  (1610),  discovered  by  Mr.  Shelly, 
one  of  Admiral  Somers'  party,  in  1609.  Therefore,  unless  Lieut. 
Nelson  was  misinformed  as  to  its  condition  in  1801,  the  sand  hills 
across  its  mouth  must  have  been  formed  after  the  settlement,  which 
seems  improbable.  I  am  disposed  to  think  that  the  change  was  not 
nearly  so  great  as  Nelson  was  led  to  believe. 

As  to  Tucker's  Town,  the  sand  still  continues  to  drift  in  that 
district,  and  sand-dunes  are  still  forming  near  the  shore  (see  pi.  xxi, 
fig.  2),  though  the  area  of  drifting  sand  seems  to  be  much  less  than 
formerly,  owing  to  the  great  increase  of  native  sand-dwelling  vege- 
tation and  the  introduction  of  additional  species.f 

One  of  the  most  important  species  growing  here  in  the  sand  close 
to  the  shore  is  SccBvola  lobelia,  a  low  shrub  which  has  thick,  leathery 
leaves  and  long  creeping  root-stalks.     It  is  the  species  shown  on  the 

■ 

sands  in  my  plates.^  A  little  farther  away  from  the  shore  the  "  Sage- 
bush"  {Lantana)  becomes  important,  and  the  seaside  morning- 
glory  (Ijyomopa  />e»-c«/?rfp),  with  several  seaside  grasses,  especially 
Cenchrus  tribuloid^s.  At  the  edges  of  the  advancing  sand  the  olean- 
ders and  cedars,  with  other  plants,  form  barriers  to  its  advance.     In 


♦  For  a  view  of  Shelly  Bay,  see  these  Trans.,  xi,  pi.  Ixviii ;  "The  Bermuda 
Islands,''  same  plate. 

f  See  these  Trans.,  vol.  xi,  pp.  474-479,  pis.  Ixxt  and  Ixxvi ;  '*  The  Bermuda 
Islands/'  pp.  62-67,  same  plates. 

X  See  pi.  xxi,  fig.  3.  Also  these  Trans,  pi.  Ixxv  and  Ixxti;  ''  The  Bermuda 
Islands/'  same  plates. 
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fact,  at  the  times  of  our  viBtte  the  sand  was  drifting  but  little  at  any 
place  except  near  Tucker's  Town,  owing  to  the  vegetation. 

An  unusually  long  drouth,  by  injuring  or  destroying  the  vegeta- 
tion, might  cause  the  sands  to  drift  again  in  many  localities.  It  was 
also  noticed  that  in  several  limited  areas  the  drifting  sand  did  not 
come  from  the  beaches,  but  was  derived  from  the  crumbling  of  old 
teolian  rocks. 

Peat  Bogs. 

Deposits  of  peat  of  considerable  extent  occur  in  several  of  the 
Eiwamps  in  Bermuda.    The  most  extensive  are  in  Devonshire  Swamp 


Pignre  44b. — View  in  DevouBhire  Swamp.  From  a  photograph,  after  ThomBOD. 
and  Pembroke  Uarsh.  These  swamps  occupy  deep  valleys  between 
the  hills  of  leolian  limestone  and  their  bottoms  arc  many  feet  below 
the  present  sea-level,  so  that  the  water  in  tfaem  is  more  or  less 
brackish  below  the  surface.  Governor  Lefroy  is  reported  to  have 
tested  the  depth  of  peat  in  Pembroke  Marsh,  in  18T2.  It  is  said 
that  he  found  that  it  was  42  feet  or  more  deep.* 

*  See  p.  87;  and  "  The  Bermada  Islaada,"  p.  SS.  AI«o  J.  M.  Jones,  Yisitor'a 
Unide,  p.  121.  For  view  of  Pembroke  Harsh,  see  "The  Bennnda  lalands,"  p. 
169,  cut  8S. 
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The  lower  portions  of  these  peat  beds  must  be  of  great  age,  while 
the  upper  portions  are  very  modern.  A  careful  exploration  of  the 
lower  parts  might  afford  the  remains  of  plants,  birds,  insects,  snails, 
etc ,  which  are  now  extinct  in  Bermuda.  The  only  records  that  I 
have  seen  in  regard  to  this  is  the  statement  that  cedar  trees  five  feet 
in  diameter  have  been  found  buried  in  the  peat,  but  this  is  not  much 
larger  than  some  found  growing  by  the  earliest  settlers.  The  peat 
of  these  bogs  is  not  composed,  to  any  great  extent,  of  the  remains  of 
Sphagnum  and  other  mosses,'*'  as  in  cold  climates,  but  mainly  of  the 
leaves,  stems,  and  roots  of  larger  plants,  such  as  several  large  ferns 
that  grow  luxuriantly,  and  to  the  height  of  6  to  8  feet,t  reeds, 
sedges,  palmetto,  cedar,  with  vines  and  shrubs  of  various  kinds. 
(See  figure  44^.) 

This  peat,  where  purest,  resembles  superficially  the  ordinary  peat 
of  colder  climates,  and  burns  equally  well  when  dried.  In  some 
localities  it  has  been  dug  for  a  fertilizer.  I  am  not  aware  that  its 
microscopic  structure  has  been  studied  by  any  one  for  scientific  pur- 
poses. Eventually  it  may  yield  many  facts  of  much  scientific  inter- 
est. The  deposition  of  peat  in  some  of  the  swamps  is  still  going  on, 
but  in  many  places  the  swamps  have  been  partially  or  wholly  drained 
and  are  now  cultivated.J 

Additional  note  on  Bottom  Deposits, 

Chapter  22  was  in  type  long  before  I  had  seen  the  following 
valuable  paper  : — The  Shoal  Water  Deposits  of  the  Bermuda  Banks, 
Proc.  Amer.  Acad.  Arts  and  Sci.,  xl,  No.  16,  1905,  pp.  559-592. 
(Cont.  from  Berm.  Biolog.  Sta.,  No.  5.)     By  Henry  B.  Bigelow. 

In  this  work  the  author  has  given  a  pretty  detailed  account  of  the 
character  of  the  bottom  deposits  that  he  examined  from  numerous 
localities,  representing  about  all  the  varieties  of  bottom  to  be  found, 
within  the  outer  reefs.  His  results  agree  pretty  closely  with  my 
own,  though  he  found  foraminifera  more  abundant  in  several  places 

*  Several  species  of  such  mosses  do  occur,  thoagh  of  relatively  small  impor- 
tance. Among  them  are :  Sphagnum  cymbifoliunij  S,  cuspidatunij  and  Isop- 
terygium  teiierum, 

f  Among  the  larger  and  more  abundant  swamp  ferns  are  Acrostichum  aureum^ 
Pteris  aquilinaj  Ostnunda  regaliSj  O.  ciyinamomeaf  Woodwardia  virginica,  AspU 
dium  coriaceum.  See  also,  "The  Bermuda  Islands,"  pp.  162-166,  for  some  of 
the  rarer  species. 

i  For  section  at  Ireland  Island,  showing  ancient  submerged  bed  of  peat,  see 
figure  58. 
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tban  I  did  anywhere.  He  also  gives  a  somewhat  greater  percentage 
to  the  calcareous  algse,  in  certain  places,  than  I  have  done.  He  fol- 
lows Mr.  A.  Agassiz  in  attributing  the  fine  mud  and  marl  entirely  to 
the  erosion  of  the  rocks  and  sands  of  the  shore  and  reefs,  overlook- 
ing the  very  important  part  that  living  animals  take  in  the  grinding 
up  of  the  shells,  etc.,  as  explained  in  the  preceding  pages.  He 
apparently  overlooked  the  early  studies  of  Nelson,  Moseley,  and 
others  on  this  subject,  and  does  not  refer  to  them  or  to  my  own 
paper  (Notes  on  the  Geology  of  Bermuda,*  1900),  even  in  his  bibliog- 
raphy. In  my  paper  of  1900  there  was  a  fairly  good  though  brief 
discussion  of  the  subject,  with  figures  of  the  sands  from  photo- 
graphs.    He  informs  me  that  it  was  accidentally  overlooked. 

One  of  the  most  novel  and  interesting  parts  of  his  paper  relates  to 
the  character  of  the  deposits  on  the  Challenger  Bank.  The  bottom 
was  found  to  be  covered  with  rounded  pebbles  composed  of  the 
nullipore,  Lithothamnion  ungeriy  on  all  sides,  and  carrying  serpulse, 
small  corals  (Madracis),  bryozoa,  etc.  From  this  he  concludes  that 
wave-action  with  force  sufficient  to  roll  these  masses  over  (some 
were  6  inches  in  diameter)  extends  to  the  depth  of  30  to  40  fathoms, 
which  is  quite  contrary  to  the  current  scientific  belief. 

To  me  his  conclusion  that  they  are  continually  turned  over  by 
wave-action  seems  unnecessary.  Plants  of  that  sort  require  so  little 
light  that  the  diffuse  and  reflected  light  enables  them  to  grow  on  the 
lower  shaded  sides  of  rounded  pebbles  in  shallow  water,  though  not 
on  the  parts  resting  on  the  bottom.  Fishes  with  burrowing  and 
rooting  habits  may  turn  such  pebbles  over  frequently  and  continually 
while  searching  for  their  prey,  and  so  might  the  larger  crabs  and 
other  Crustacea,  the  Octopus,  etc.,  thus  causing  them  to  grow  on  all 
sides  and  keeping  them  free  of  sediment. 

In  enumerating  the  most  important  genera  of  shells  (p.  568)  he 
places  the  well  known  bivalves,  Codakia,  Cardium^  and  Gouldia 
among  the  gastropods. 

The  fragments  of  "red  Serpula"  that  he  refers  to  on  pp.  566,  667, 
probably  are  fragments  of  one  of  the  Vermetidae  {Tenagodus  {Sili- 
quaria)  ruber  Schum.).  I  do  not  know  any  species  of  Serpulidse 
with  red  tubes.     (See  above,  p.  139.) 


*  Amer.  Jonm.  Science,  Ix,  pp.  818-340,  with  cnt«  in  text,  1900. 


Trans.  Conn.  Acad.,  Vol.  XII. 
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Part  IV. — II.  Paleontology. 

24.,    Fossils  of  the  WcUsingham  Formation. 

In  a  former  chapter  (pp.  68-74),  I  have  discussed  the  occurrence 
of  numerous  fossil  land-shells,  nine  of  which  are  now  extinct,  in  this 
formation.  Besides  the  land  shells  we  find  in  it  the  well-known 
large  West  Indian  "  whelk  "  {Livona  pica^  fig.  60).  The  latter  is 
often  abundant,  just  as  it  is  in  the  latier  aBolian  limestones.  It  was 
undoubtedly  carried  up  from  the  sea  beaches  to  the  sand  hills  by 
the  land  hermit  crab  ( Cenohita  diogenes,  fig.  60),  which  is  still  found 
on  the  modern  sand  hills  with  the  ancient  fossil  shells  on  its  back, 
for  these  fossil  shells  are  so  commonly  weathered  out  entire  that 
they  are  always  available.  Many  of  these  ancient  specimens  still 
retain  the  external  color  and  the  pearly  luster  of  the  interior  nacreous 
lining.  This  species,  though  still  common  in  the  West  Indies,  seems 
to  have  died  out  in  Bermuda  in  modern  times.  There  is  no  authentic 
record  of  recent  living  specimens.* 

a.     Land  Shells. 

The  most  interesting  of  the  fossil  shells  belong  to  a  genus  of 
snails  peculiar  to  Bermuda,  named  PcecUozonites  by  Pilsbry.  It 
differs  anatomically  from  all  the  related  genera,  but  its  nearest  allies 
are  found  in  eastern  North  America.  It  is  by  no  means  certain  that 
all  the  extinct  species  referred  to  this  genus  really  belong  to  it,  but 
most  of  them  strongly  resemble  the  living  forms.  At  the  time  when 
this  formation  was  deposited  the  genus  had  already  reached  its 
maximum  development  and  greatest  differentiation,  for  at  that 
remote  time  the  largest  known  species  (P.  Nelsoni)  was  very  abun- 
dant, while  at  the  same  time  the  smallest  and  most  diversely  formed 
species,  such  as  P.  cupula  and  P.  Dalliy  were  in  existence.  Six 
species  and  five  well  marked  varieties  are  now  recognized.  All  the 
species  and  all  but  one  of  the  varieties  are  found  fossil  in  this  forma- 
tion. This  proves  that  the  genus  had  been  established  or  had  orig- 
inated here  at  a  period  long  anterior  to  the  deposition  of  the  oldest 
rocks  now  known  on  the  islands,  for  such  differentiation  implies  a 
very  long  period  of  evolution.  Three  species  of  the  genus  and  four 
varieties  are  now  extinct.  The  other  associated  species  belong  to 
well  known  American  and  West  Indian  genera. 


*  See  '^  The  Bermnda  Islajids,''  p.  296 ;  these  Trans.,  zi,  p.  708,  for  a  discus- 
sion of  this  matter. 
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An  important  paper  on  the  fossil  land  shells  of  Bermuda  has 
recently  been  published  by  Mr.  A.  Gulick,*  in  which  he  has  described 
several  new  species  and  has  given  many  details  of  their  occurrence. 
Most  of  his  new  species  had  been  collected  previously  by  us,  in  1898 
and  1901,  but  not  described. 

The  following  species  have  been  found  in  this  formation: 


PoBcilozonites  Nelsoni  (Bland)  Pilsbry. 

Hyalxna  Nelsoni  Bland,  Annals  Lye.  Nat.  Hist.,  N.  York,  xi,  p.  78,  1875  (as  a 

yariety  of  H,  bermttdensia), 
PioecUozonites  Nelsoni  Pilsbry,  Proc.  Acad.  Nat.  Sci.,  Philad.,  1888,  p.  290, 

pi.   xvii,  figs.  J.  K.  L.;  in  Heilprin's  Bermuda  Islands,   p.  197,   pi.  16, 

figs.  J.  E.  L.;  Trans.  Conn.  Aoad.,  z,  p.  500,  1900.     VerriU,  op.  oit.,  xi,  p. 

728;    "The  Bermuda  Islands,"  p.  816.     A.  Gnliok.  Proc.  Acad.  N.  Sci., 

Philad.,  1904,  p.  415,  pi.  xxxvi,  fig.  4. 
Pachystyla  mauritiana  in  Bartram's  List,  Berm.  Almanac,  1881,  p.  125. 

Plate  XXV  ;  Plate  XXVI,  fiqures  4-8.    Also  figures  46,  46,  47. 

This  large  extinct  species  is  remarkably  variable  in  form.  In 
some  localities  most  of  the  specimens  are  conical,  about  as  high  as 
broad,  or  even  higher,  while  in  other  localities  the  spire  is  much 
depressed  or  flattened.  The  original  type  of  Mr.  Bland  was  the  low 
and  flattened  form  to  which  Mr.  A.  Gulick  has  recently  given  the 
variety  name,  discoides.  (See  fig.  46.)  But  intermediate  forms  are 
not  uncommon.  Those  specimens  that  have  a  large  callus  on  the 
inner  lip  Mr.  Gulick  called  variety  callosus.  The  amount  of  callus 
is  also  inconstant,  so  that  no  sharp  line  can  be  drawn  between  these 
varietal  form<».  They  sometimes  occur  together,  but  more  commonly 
are  found  at  different  stations. 

The  surface,  in  all  the  varieties,  is  generally  ornamented  by  low, 
oblique,  curved  ribs,  as  shown  on  plate  xxv.  Many  of  the  specimens 
from  some  localities  retain  traces  of  the  original  color.  It  was 
usually  yellowish  brown,  with  irregular  streaks  or  blotches  of 
reddish  brown  crossing  the  whorls,  and  sometimes  with  a  subsutural 
band  and  one  or  two  wider  peripheral  bands  of  brown,  much  as  in 
some  existing  specimens  of  P.  bermudensis. 

The  mass  of  specimens  figured  on  plate  xxv,  and  fig.  45,  came 
from  the  Walsingham  district,  between  Harrington  Sound  and  Castle 
Harbor,  and  near  Paynter's  Vale.     They  are  cemented  together  by  a 

*  Proo.  Acad.  Nat.  Science,  Philad.,  1904,  pp.  406-425,  pi.  xzzvi. 
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hard,  red,  calcareous  matrix,  containing  red  clay.  The  ebells  in  this 
cluster  are  all  of  the  high,  conical  form,  now  named  variety  conoides. 
{See  pi.  xxvi,  fig.  4.)  Some  of  them  show  color  markings,  as 
described  above.  This  species  is  common  in  the  Walsingbam  dis- 
trict, all  along  the  western  and  soathwestem  shores  of  Castle  Har- 
bor, as  stated  above  (see  pp.  68-70),  and  at  many  other  localities. 
Mr.  Gulick  found  it  in  the  ancient  sandy  strata  at  his  station  816, 
near  Tucker's  Town,  but  not  in  later  deposits  of  the  same  kind.  It 
was  found  in  great  abundance  at  Irelaod  Island  by  Lieut.  Nelson 
(1840),  who  described  its  occurrence  as  follows: 

"  In  the  centre  of  this  rock  was  a  cavern  ;  and  entangled  amongst 
the  stalagmitic  lining  (as  well  as  in  that  of  other  caves  and  crevices), 
or  else  lying  in  heaps  in  the  loose  red  earth  within,  we  found  abnn- 


Figure  45. — Haas  ot  breccia-like  material,  containiug  numenniB  ahells  ot  the 
extinct  Nelson's  an&il  (P.  Nelaoni,  vai.  conoides).  imbedded  in  sl*l>gmite 
and  iudamted  red  clay  from  the  Walaingham  formation.     About  i  natural 


dance  of  a  large  and  delicate  Helix  [P.  Nel»oni\.  In  another 
instance  upwards  of  thirty  bushels  were  recovered,  without  any 
earth  among  them:  a  circumstance  easily  accounted  for  by  the  com- 
mon habit  of  these  animals  to  shelter  in  holes  wherever  they  can 
find  them.  I  have  never  seen  these  creatures  alive,  nor  have  I  ever 
heard  of  their  having  been  seen  in  that  state  ;  but  still  they  were 
found  with  a  smaller  Helix  deep  in  the  compact  rock.     This  Heiix 
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[P.  bermudensia],  which  is  the  common  living  snail  of  the  island, 
I  obtained  in  the  hardest  stone  and  in  the  loosest  sand;  sometimes 
lined  with  druses  of  carbonate  of  lime,  sometimes  filled  with  a  solid 
oast,  at  other  times  slightly  cemented  together,  and  frequently 
retaining  some  colour;  in  which  condition  they  are  generally  found, 
as  before  mentioned,  in  every  part  of  the  colony," 

This  rock  was  a  mass  of  marine  or  beach  limestone,  containing 
fossil  corals  (see  under  Devonshire  forination  below).  The  fossil 
snails  in  the  cavern  with  red  soil  indicate  that  a  mass  of  soil  and 
calcareous  sands  of  earlier  origin,  and  containing  these  fossil  shells, 
was  imbedded  beneath  this  mass  of  beach  rock,  and  by  its  subsequent 
decomposition,  the  shells  and  red  clay  contained  in  it  were  left  in 
the  space  it  had  occupied. 

This  large  species  appears  to  have  become  extinct  at  the  time  of 
the  great  subsidence  at  the  close  of  the  Walsingham  period,  when 
great  changes  in  the  climate  and  vegetation  must  have  occurred. 

It  occurs  at  almost  all  the  quarries  opened  in  the  limestones  of 
this  formation,  especially  on  the  west  and  southwest  sides  of  Castle 
Harbor,  both  in  the  hard  limestone  and  the  red-clay  breccia  filling 
cavities.     Also  at  Bailey  Bay,  Knapton  Hill,  etc. 


PoBcilozonites  Nelsoni  Bland,  var.  Nelsoni  Verrill. 

PKBdlozonites  Nelsoni^  var.  discoides  Gnliok,  op.  cit.,  p.  416,  pi.  zxzvi,  fig. 

4,1904. 
P.  Nelsoni  Pilsbry  in  Heilprin,  '*  The  Bennnda  Islands,"  p.  197, 1889,  pi.  16. 

FiGURB  46.    Plate  XXVI,  fiourks  7,  8. 

This  variety,  in  its  extreme  form,  has  a  low  flattened  spire,  but  in 
most  other  respects  differs  very  little  from  the  more  elevated  forms 
of  the  species.  Intermediate  states  frequently  occur.  It  is  found 
associated  with  the  high-spired  variety,  but  more  often  alone,  at 
several  localities  in  the  vicinity  of  Castle  Harbor  and  Bailey  Bay. 
The  last  whorls  are  often  distorted. 

Bland's  original  description  applied  strictly  to  this  form,  named 
discoidea  by  Gulick.  He  gave  the  height  as  19"'"  ;  diameters 
37  X  34"",  which  are  almost  exactly  the  proportions  that  Mr.  Gulick 
gives  for  his  variety  discoides.  He  gives  for  one:  height,  19""; 
diameter,  37"";  for  another,  height,  19.5"";  diameter,  39"".  (See 
our  fig.  46.) 
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FcecUoaonitM  Nelaoai,  rar.  cftUonu  Qnlick. 
A.  Onliclc,  The  FoMil  Land  Shells  of  Bermuda,  Proc.  Aoad.  Nat.  Sci.,  Philad., 
1B04,  p.  414,  pi.  xxxvi,  tg.  S.     P.  NtlttnU  (part),  Pilsbry,  Proc.  Acad.  Nat. 
Sci.,  Fhilad.,  18S8,  p.  290,  pi.  xvii,  Sg.  E;  reprint  in  Heilprin,  "Tb«  Ber- 
mnda  Islands,"  p.  lUT,  pi.  16,  fig.  E. 

PI.ATK   XXVI.    nODRBS  6,   S.      Al40  TIXT-FtaVKB  47,   TTPE. 

Several  good  examples  of  this  variety,  in  excellent  preservation, 
belonging  to  the  American  Mnseum,  New  Tork,  were  lent  to  me 
for  figuring  by  Mr.  R.  P.  Whitfield.  They  were  collected  by  him 
at  Bailey  Bay,  in  a  road-aide  cutting  and  in  cavernous  places  in  the 
hills  west  of  Mr.  Seon's  bouse.  I  personally  collected  similar  speci- 
mens, but  not  as  perfect,  in  the  same  vicinity.  I  also  found  the  same 
variety  in  a  ledge  below  low-water  mark  at  Bailey  Bay  Island,  and 
in  a   road-cut  near  Castle  Harbor.      Mr.  Gulick's  specimens   were 


Figure  W.—PaeHoitmiU»  Neltoai,  var.  Ntlaoni. 

Figure 47.—/*.  Nttaimi,-vtx.  catloaui,  type.     Botb  about  natural  aiie, copied  from 
Guliclc. 

from  Knapton  Hill  and  Tucker's  Town.  Specimens  of  the  same 
kind  were  sent  to  me  thirty  years  ago  by  J.  M.  Jones.  Some  of  the 
figures  of  P.  Nehoni  published  by  Mr.  Pilsbry  in  Heilprin's  Ber- 
muda Islands,  pi.  16,  reprinted  from  Proc.  Pbilad.  Acad,  for  1S8S, 
p.  290,  pi.  xvii,  also  represent  this  variety. 

Mr.  Gulick  states  that  this  variety  is  smaller  than  the  ordinary 
form,  but  some  of  our  specimens  are  much  larger  than  his  and 
exceed  the  diameter  of  his  largest  examples  of  the  ordinary  form, 
so  that  the  size  cannot  be  used  as  a  varietal  character.  Its  depressed 
form,  thicker  shell,  the  thickened  outer  lip,  and  thick  callus  of  the 
inner  lip  are  the  only  notable  distinctions,  but  all  these  are  variable 
characters  in  this  species. 

The  following  description  of  the  larger  Bailey  Bay  specimens  was 
prepared  several  years  ago,  when  X  had  also  given  it  a  varietal  name 
in  WSS. 
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Shell  large  and  thick,  with  a  rather  low  spire,  the  height  usually 
less  than  two-thirds  of  the  breadth.  Base  strongly  convex.  Umbili- 
cus variable,  but  usually  small  and  deep,  and  often  partly  covered 
by  the  slightly  reflexed,  angular  edge  of  the  lip.  Body  whorl 
obtusely  angulated  or  obsoletely  subcarinate.  Sutures  impressed, 
sometimes  slightly  canaliculate.  Whorls  8  to  9.  Spire  sometimes 
much  depressed,  with  an  even  slope,  due  to  the  flattened  upper 
whorls,  in  other  cases  broad,  conical,  with  the  upper  whorls  a  little 
more  rounded. 

The  sculpture  consists  of  numerous,  very  oblique  and  usually  well- 
marked  costulaB,  parallel  with  the  lines  of  growth  ;  sometimes  they 
are  strongly  developed  and  rather  coarse,  especially  on  the  upper 
side  of  the  body-whorl.  Aperture  somewhat  irregular,  transversely 
oblong-ovate,  the  outer  end  rounded,  the  basal  side  flattened,  and 
the  columellar  end  subtruncate,  with  a  slight,  excurved  sinus,  both  at 
the  basal  angle  and  at  the  umbilical  angle.  The  inner  lip,  in  the 
older  shells,  is  often  much  thickened,  with  a  thick  white  callus;  the 
thickening  also  affects  the  columella  and  outer  part  of  the  lip  in 
most  cases. 

Color,  when  preserved,  pale  yellowish  brown  with  a  wide  band  of 
orange-brown,  both  above  and  below  the  periphery  of  the  body- 
whorl,  and  sometimes  with  a  narrower  subsutural  band  of  the  same 
color.  In  some  cases  the  upper  surface  is  also  flammulated  with 
reddish  brown. 

Diameter  of  the  largest  specimen,  45"™;  height,  23"".  Another 
has  the  diameter,  31"";  height,  28"";  length  of  aperture,  14"";  its 
breadth,  7"".  In  Mr.  Gulick's  type  the  diameter  was  33"";  height 
24"". 

PoBcilozonites  Nelaonij  var.  conoides  Yerrill,  nov. 

FiGURB  45.     Plate  XXV,  typbs.    Plate  XXVI,  figurs  4,  type. 

This  name  is  now  proposed  for  the  high-spired  or  conical  form  of 
this  species,  in  which  the  height  is  from  two-thirds  to  nine-tenths 
the  diameter  of  the  shell,  or  sometimes  even  equal  to  it. 

It  was  figured  by  Pilsbry  in  Heilprin's  "  The  Bermuda  Islands," 
pi.  16,  J. 

It  is  the  most  common  form  of  the  species  in  many  places  in  the 
vicinity  of  Castle  Harbor,  and  was  considered  the  typical  form  by 
Mr.  Oulick.  But  Mr.  Bland's  original  description,  as  stated  above, 
applies  only  to  the  depressed  form.     The  surface  in  many  of  the 
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specimens  is  strongly  costulate  (see  pi.  xxv,  a,  6,  e).  The  umbilicus 
is  of  moderate  size  or  small.  Many  of  the  specimens  are  flammulated 
with  brownish,  and  some  have  peripheral  brown  bands  preserved. 

This  variety  passes  into  the  others  by  all  intermediate  gradations. 
One  of  the  largest  examples  (see  pi.  xxvi,  fig.  4)  has  the  height 
32"" ;  diameter,  41"".  The  type  specimens  are  from  near  the 
western  shore  of  Castle  Harbor  in  a  mass  of  red-clay  and  stalagmite. 
It  occurs  in  numerous  localities  in  that  district  and  near  Paynter's 
Vale.     Also  on  the  shore  opposite  Coney  Island,  etc. 

PoBcilozonites  Bermudensis,  yar.  zoxiatus  Verrill. 

These  Trans.,  vol.  xi,  p.  728,  1902.     "The  Bermuda  Islands,"  p.  316  [728], 
note,  1902.     Qolick,  op.  cit.,  p.  418,  pi.  xxzvi,  fig.  3,  1904. 

Plate  XXVI,  rioxTREs  1,  2.    Plate  XX  VII,  fiqubes  2,  a-/,  types. 

This  variety  occurs  abundantly  in  the  softer  limestones  and  imper- 
fectly consolidated  sands  of  the  Devonshire  and  Paget  formations, 
in  which  its  colors  are  often  very  well  preserved.  The  examples 
figured  are  all  of  the  latter  period.  Hence  it  will  be  more  fully  dis- 
cussed under  that  formation. 

It  is  found,  however,  associated  with  P.  Nelsoni  and  other  extinct 
species  in  the  Walsingham  formation,  though  in  most  cases  far  less 
abundantly  than  the  latter. 

The  most  productive  localities  are  especially  in  the  hard  Walsing- 
ham limestones  at  the  quarries  near  the  west  and  south-west  shores 
of  Castle  Harbor  ;  we  also  found  it  near  Bailey  Bay  and  near  Coney 
Island.     Station  814  (Gulick). 

It  occurs  both  in  the  limestone  and  in  the  reddish  breccia-like 
stalagmites  containing  red-clay,  found  in  this  district. 

PoBcilozonites  ReinianuB  (Pfr.)  Pilsbry. 

Helix  Reiniana  Pfeiffer,  Malak.,  zi,  p.  1,  1868. 

Foecilozonitea  Reinianus  Pilsbry,  Pioc.  Acad.  Nat.  Sci.,  Philad.,  1888,  p.  290, 

pi.  xvii,  I,  D,  reprinted  in  Heilprin,  '^  The  Bermnda  Islands,"  p.   198,  pi. 

16, 1,  D  (radala);  these  Trans.,  x,  p.  500. 
Verrill,  these  Trans.,  xi,  p.  728;  "The  Bermnda  Islands,"  p.  816  [728],  1902. 

Gnlick,  op.  cit.,  p.  419,  1904. 

FiouRBS  66a,  66&. 

This  species  is  much  smaller  than  the  preceding ;  diameter, 
9-1  imm.  height,  5-6"™.  The  spire  is  depressed  (nearly  flat  in  var. 
P.  Goodei).     The  umbilicus  is  large,  about  one-third  the  diameter 
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of  the  shell,  and  shows  all  the  whorls.  The  whorls  of  the  spire  are 
somewhat  convex,  the  apical  one  smooth;  the  body-whorl  is  rounded 
when  adult.  The  shell  is  usually  flammnlated  with  chestnut-brown  in 
recent  specimens  and  some  of  the  fossils  show  the  same  colors. 
There  is  no  internal  lamella.  The  fossil  shells  are  usually  somewhat 
larger  than  the  recent  ones.  As  a  living  species  it  is  not  abundant. 
Occurs  not  infrequently  at  the  quarries  of  hard  limestone  near  the 
shores  of  Castle  Harbor  with  P.  Nelsoni,  and  elsewhere,  but  usually 
in  the  form  or  var.  antiquus.  Gulick  obtained  his  best  specimens  at 
locality  815,  near  Harrington  House.  It  also  occurs  in  the  Devon- 
shire and  Paget  formations. 

Variety  Ooodei  Pilab. 

Pilsbry,  Proc.  Acad.  N.  Sci.,  Philad.,  1889,  p.  85,  pi.  iii,  figs.  12,  18;  these 
Trans.,  x,  p.  600 ;  Gulick,  op.  cit.,  p.  419. 

•This  living  variety  was  distinguished  merely  on  account  of  its 
nearly  flat  spire  and  larger  umbilicus.     Diameter,  9-10"™;  height, 

It  is  reported  by  Mr.  Gulick  as  found  fossil  at  Town  Hill  (his 
station  819). 

Variety  antiquum,  nov. 

Plate  XXVI,  fiourb  8. 

A  single  specimen  of  a  peculiar  form  of  Poecilozonites  was  found 
imbedded  in  the  stalagmitic  mass  of  P.  Nelsoni  figured  on  pi.  xxv, 
(see  also  fig.  46). 

If  it  be  not  somewhat  abnormal,  it  may  represent  a  new  species, 

in  some  ways  intermediate  between  P.  Heiniantts  and  P.  circum- 

firmatusy  var.  discrepans.     It  has  rather  the  form  of  the  first  (var. 

Goodei)y  but  it  apparently  had  a  faint  internal  ridge  in  the  last 

whorl,  unless  due  to  injury  during  life. 

The  spire  is  almost  flat,  composed  of  about  seven  somewhat  con- 
vex whorls,  separated  by  impressed  sutures.  Surface  rather  strongly 
costulate;  on  the  last  whorl  the  costulsB  are  interrupted  a  little  above 
the  periphery  by  a  slight  groove.  The  solid  stalagmitic  cast  of  the 
interior  shows,  in  spots  where  the  shell  is  broken  away,  a  very  slight 
peripheral  groove,  as  if  there  had  been  a  very  thin  internal  ridge, 
corresponding  to  the  external  groove.  Probably  this  may  have  been 
produced  by  an  injury  during  the  growth  of  the  shell.  The  basal 
side  of  the  shell  is  wholly  concealed.    The  last  whorl  is  well  rounded. 


;'/•  A.  K  t'trriU — Tt^  Benfi».ia  Itt,T,i»:  *rwii:-^. 

M   til*  «&Ltt.-bfE  *arMtM«,  f^vi^;  Ut  tbe  Hyjire  eoBi^nwed  «kirlk.     It 

Ki'^fT  M*  |««MTT>^  I>icu»ret>H',  ;<f"" ;  bvigiit.  aloai  5"".  Other 
•ittiilar  •fa^nwMM  bar^  im  irm  Iit  I-'i":  b^igiit.  C^.  Fmm  a 
'jturry  n^ar  HatAi*  Harbor.  W«  t'inad  hriiktv  tptcinttimM  <rf  tbv  irnf 
varw^r  in  a  r'lOid'Ctit  at  Baiter  Bar,  bit  wiiikost  the  diglit  per- 
i{fli«nl  inmtw. 

It  MMo*  Ui  be  oearMt  to  /*.  JS«i>ii'jnn«,  rar.  Gtffifi.  bat  tbe  latter 
M  KnaJiM-  aiw]  DW«r«  4t:l(cat«,  baa  leM  eridenl  ci>?(alatioii.  and  tbc 
wh'M*  »r-.  UrM  c/aipr<:«*«^ 

roeiloWBttM  cirCTMflr— t—  rBedf.^  Flltbir. 

HvaUma  rimmftrmalit  Ba]fi«ld.  Am.  Lje.  Xat.  HM..  N««  Ymk.  ri.  p.  1$. 

l-aifihaonUr,  rirrumftrmatut  Kldn?.  op.  ci»..  !>«.  p.  »1,  pi.  rrii,  figL  F. 
'J,  U  'alKlli,  A,  B  [ndal*  aitd  Jaw):  Mine  nrpiinUd  in  Heilimli,  "The 
IfcrrmivU  bUiKlii.'' p.  IW,  pi.  IS.  It04:  thtMTnui>..i.p.  500,  18W.  Verrill, 
tbMwTniu.,!,  p.  728,  fit(i.  VT,  o,b,  W6:  tbvnmc.  "TheBennsdalduidA,'' 
p.  9IC,  Bk.  «7.     Oalick,  (jp.  rit.,  p.  VK),  IMM. 

Fuicaes  48(i,  166. 

TIiu  d«licat«  HpeciM  in  Himilar  to  the  laot  in  size  and  form.  lis 
di3ini;t«r  Ji  umially  ft  to  12""';  beigbt,  about  ft-i"".  The  foBril  Bbells 
difftrr  but  little  from  the  recent  ones.  It  is  easily  diatingaisbed  from 
others  of  the  genus  }>y  the  internal  revolving  Umina. 


Plt(iir«  AH.—l'acUattinlUi  ciecumfirmatut;  a,  upper,  and  b,  oader  BurfaoeB,  x  3}, 
from  phuUiKrapba  of  recent  ipecimens  b;  A.  H.  V. 

Hpecimeni  were  found  by  us  at  Bailey  Bay  in  the  interior  of  P. 
Nr.liiotii.  It  occurs  at  numerous  localities  in  the  Walsingbam  forma- 
tion with  /'.  Nelnoni,  as  well  as  in  the  later  Devonshire  and  Paget 
formationR.  Wo  found  it  common  in  the  strata  near  Hungry  Bay 
Just  above  the  Devonshire  beach  limestones.  It  is  a  common  living 
species. 
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Variety  diacrepaxis  (Pfr.). 

This  variety  is  separated  only  on  accoant  of  its  nearly  flat  spire. 
This  is  a  variable  character^  as  in  P,  Nelsoni,  and  intermediate  forms 
are  not  uncommon.  Mr.  Gulick  records  it  from  the  older  hard  lime- 
stones and  red  clay  pockets  at  Knapton  Hill  and  near  Castle  Harbor; 
also  from  ancient  unconsolidated  sands  at  Tacker's  Town  (his  sta. 
818).  We  took  it  from  the  sand  inside  a  shell  of  P.  Nelsoni,  found 
in  a  road-cat  at  Bailey  Bay,  and  also  in  strata  immediately  above  the 
Devonshire  beach-limestones  at  Hungry  Bay.  It  is  found  living, 
but  is  not  common. 


PoecilozonitaB  cupula  Ghiliok. 
Op.  cit.,  p.  417,  pi.  xxxvi,  fig.  2, 1904. 

FlOURB  49,   TYPE. 

Easily  distinguished  by  its  dome-shaped  spire.  It  has  about  8 
whorls;  diameter  16  to  20"";  height,  13  to  15"°*.  Some  specimens 
show  traces  of  subsutural  and  peripheral  color  bands. 


50 


51 


49 


A40 


Figure  49.— P.  cupula;  50,  Pdacilozanites  Dulli ;  51,  Zonitoides  Briatoli. 
All  copied  from  Gulick. 


Typea. 


Several  specimens  were  found  by  Mr.  Gulick  at  a  quarry  of  hard 
limestone  near  Paynter's  Vale,  southwest  shore  of  Castle  Harbor  (his 
locality  806),  associated  with  other  extinct  species. 


PcBcilozonites  Dalli  Gulick. 
Op.  cit.,  p.  417,  pi.  mvi,  fig.  1,  1904. 

FlQUBK  50,  TYPE. 

This  small  species  is  higher  than  broad,  with  an  elevated  spire, 
rounded  apex,  and  convex  base.  Diameter,  7  to  7.3"";  height  8.5  to 
10"°.  Whorls  about  9,  polished,  whitish,  with  two  brownish  per- 
ipheral lines.  Umbilicus  small,  partly  covered  by  the  reflexed 
columellar  margin.     Exact  locality  unknown. 
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Zozdtoides  Bristoli  Onlick. 
Op.  cit.,  p.  421,  pi.  xxzYl,  fig.  13,  1904. 

Figure  51,  type. 

A  minute  species,  having  three  convex  whorls,  which  are  finely 
costulate  and  covered  with  fine  and  regular  spiral  lines.  Diameter, 
1  17mm.  height,  0.7"^°>. 

Recorded  from  the  hard  Walsingham  limestone  at  station  807  by 
Gulick.  Also  from  near  Tucker's  Town,  in  sand-pits  at  station  818* 
(type).     It  was  not  observed  by  our  parties.     Not  known  living. 

Zonitoides  minuACuluB  Binney. 

Pilsbry,  op.  cit.,  1900,  p.  501,  pi.  Ixii,  fig.  11.     VerriU,  op.  oit.,  p.  817  [739], 
fig.  71,  1892.     Gulick,  op.  oit.,  p.  421,  1904. 

Figure  52,  recent. 

This  well-known,  minute  North  American  species  was  recorded  by 
Gulick,  as  found  with  the  preceding  at  station  807.  It  is  not  uncom- 
mon as  a  living  species  in  Bermuda.  It  is  widely  distributed  in 
North  America,  ranging  northward  to  New  England  and  southward 
to  the  West  Indies. 

52a 

a>''^">v  58 

52 


# 


Figure  52. — Zonitoides  minu8culu8f  enlarged,  after  Binney. 

Figure  52a. — Thysanophora  hypolepta,  mnch  enlarged,  after  Pilsbry. 

Fignre  53. — Strobilops  Hubhardiy  enlarged  4  diameters,  after  Binney. 

EuconuluB  turbinatuE  Gulick. 
Op.  cit..  1904,  p.  420,  pi.  xxxvl,  figs.  8,  9,  10. 

Figures  55a,  556,  types. 

A  small  conical  species  with  a  high  spire  and  blunt  apex.  Whorls 
7i,  narrow,  nearly  flat,  umbilicus  small  Diameter  2.8  to  3""  ; 
height,  3.4"". 


*  The  sandy  or  unconsolidated  strata  at  this  station  probably  belong  to  the 
Walsingham  formation,  as  the  characteristic  fossils  occur  in  them. 
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GuHck  records  this  species  from  the  Walsingham  limestones  at 
station  806,  near  Castle  Harbor,  and  at  807,  Knapton  Hill,  and  also 
from  the  sand-pits  at  station  818.  Also  from  the  Paget  sand-pits 
(sta.  808).  The  specimen  figured  (55^)  was  from  station  807.  We 
foand  it  in  the  red-clay  breccia  on  the  west  shore  of  Castle  Harbor, 
mostly  as  casts.     It  is  not  known  to  be  living. 

Thysanophora  hypolepta  Shnttl.,  Bern.  Mitth.,  March,  1854,  p.  129. 

Helix  (Microphysa)  hypolepta  Pilsbry,  Proc.  Philad.  Acad.  Nat.  Sci. ,  1889,  p. 

82,  pi.  iii,  figs.  6-8 ;  Pilsbry  in  Heilprin,  '*  The  Bermuda  Islands,''  p.  200, 

pi.  16,  figs.  M.  M. 
Thysanophora  hypolepta  Pilsbry,  these  Trans.,  z,  p.  49,  pi.  Izii,  figs.  2a,  2&, 

1900.     Verrill,  these  Trans.,  zi,  p.  728,  figs.  68,  a,  6  ;  ''  The  Bermuda  Is.,'' 

p.  316,  figs.  68,  a,  b,  1902.    Oulick,  op.  dt.,  p.  413,  1904. 

Figure  52a ;  becbnt. 

This  mi n ate  species  is  still  living  in  Bermuda,  but  is  not  known 
from  any  other  locality.  It  has  a  broader  umbilicus  than  Z.  minvs- 
cuius  and  a  rounder  aperture.  They  are  similar  in  size  and  appear- 
ance. Gulick  records  this  from  Knapton  Hill,  station  807,  and  near 
Paynter's  Vale,  station  806,  but  not  from  the  Paget  sands.  We 
found  it  in  the  sand  from  the  interior  of  Pcecilozonites  Nielsoni, 
taken  from  a  road-cut  at  Bailey  Bay. 

BtrobilopB  Hubbardi  (Brown). 

Helix  Hubbardi  Brown,  Proc.  Acad.  N.  Sci.,  Philad.,  1861,  p.  888. 

Sirobila  Hubbardi  Tryon,  Am.  J.  Conch.,  ii,  p.  259,  1866.     Binney,  Terrest. 

Mol.  U.  f  tates,  v,  p.  261,  fig.  158, 1878. 
Strobilops  Hubbardi  Gulick,  op.  cit.,  p.  413,  1904. 

FiaUR£  58,  RECENT. 

This  minute  species,  now  living  in  the  southern  United  States  and 
Jamaica,  was  recorded  by  Gulick  as  found  at  station  806,  near 
Paynter's  Vale.  It  is  not  known  as  a  recent  shell  in  Bermuda.  He 
gives  the  size  of  the  fossil  shell  as  diameter  2. 8"*";  height,  1.2°*". 

Pupa  (Bifidaria)  servilia  Quild. 

Pupa  pellucida  Bland,  Am.  Lye.  Nat.  Hist.,  New  York,  vii,  p.  851, 1861. 
Fupu  {BifidaHa)  aervilis  Pilsbry,  these  Trans.,  x,  p.  497,  pi.  Ixii,  fig.  6,  1890. 

Verrill,  op.  cit.,  p.  729,  fig.  74a,  1902 ;  Bermudas  Is.,  p.  317,  fig.  74a. 
Bifldaria  servilis  Qulick,  op.  cit.,  p.  414. 

FlOUBE  68a,    RJSCENT. 

This  is  a  minute  species,  still  living  in  Bermuda,  Cuba,  the 
Bahamas,  etc.    It  was  found  by  Mr.  Gulick  in  the  imperfectly  con- 
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solidated  strata  near  Tucker's  Town  (station  818)  which  I  refer  to  the 
Walsingham  period. 

Pupa  (Bifidaria)  rupicola  (Say,  not  of  Binney). 

Pilsbry,  these  Trans.,  z,  p.  498,  pi.  Izii,  fig.  8,  1900  (description).    Verrill, 
these  Trans.,  xi,  p.  729,  fig.  74c,  1902 ;  ''  The  Bermuda  Is.,''  p.  817,  fig.  74e. 
Bifidaria  rupicola  Gallck,  op.  cit.,  p.  414,  1904. 

FiouBS  68c;  bxcert. 

This  was  recorded  from  station  806,  near  Paynter's  Vale,  by 
Gulick,  and  also  from  station  808,  in  Paget  sands.  It  is  still  living 
but  not  common  in  Bermuda.  Also  found  in  the  southern  United 
States  and  Cuba. 

Vertigo  nuznellata  Qallck. 
Op.  cit.,  p.  413,  pi.  xxxvi,  fig.  6,  1904. 

FlGUKE  54c,   TYPE. 

This  minute  extinct  species  is  the  most  common  of  the  fossil 
Pupidae.  Gulick  recorded  it  from  station  806,  Paynter's  Vale,  and 
807,  Knapton  Hill.     We  obtained  it  from  sand  in  the  cavity  of  P. 

54a  546  54c  54<i  55a  55& 


Figures  54a,  546,  Caryohium  bermudensia  Qui. ,  profile  and  front  views.  54c, 
Vertiffo  numeUata  Qui.  54<i,  Vertigo  Marki  Qui.  55a,  556,  Euconulus 
turbinatus  Gnl.     All  reduced  from  Qulick's  figures. 

Nelsoniy  from  near  Bailey  Bay,  and  from  the  red-clay  breccia  near 
Castle  Harbor.  It  is  not  known  from  the  Devonshire  nor  Paget 
formations,  nor  as  a  living  species. 

Vertigo  Marki  Qulick. 
Op.  cit.,  p.  414,  pi.  xxxvi,  fig.  7,  1904. 

Figure  54d,  type. 

Slightly  larger  than  the  last.  Diameter,  1"™;  height,  1.9°*". 
Found  by  Gulick  at  the  same  stations  as  the  preceding,  but  not  so 
common.  We  found  it  in  the  sand  from  inside  P,  Nelsoni,  Bailey 
Bay  road-cut,  with  the  last.     Not  known  from  newer  deposits. 
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Carychium  bermudemie  Gnlick. 
Op.  cit.,  p.  415,  pi.  zxxvi,  figs.  11,  12. 

FiouRBS  54a,  546,  type. 

This  extiDct  species  haB  about  five  convex  whorls  with  the  surface 
finely  striate,  corneous  white.  Aperture  oblique,  with  a  broadly 
expanded  reflexed  lip,  thickened  within,  and  with  a  slight  promi- 
nence  just  above  the  middle.  Columellar  lamella  minute  and  deeply 
situated.     Diameter,  0.9"";  height,  1.8"". 

We  took  several  good  specimens  from  fine  sand  found  in  the 
interior  of  the  shells  of  Pcecilozonites  Nelsoni  from  road -cut  near 
Bailey  Bay.  It  was  associated  with  the  two  preceding  and  other 
species.  It  also  occurred,  chiefly  as  casts,  with  several  other  species, 
in  a  red-clay  breccia  from  the  west  shore  of  Castle  Harbor.  Gulick 
found  it  common  in  the  red-clay  deposits  at  his  stations  806  and  807, 
and  in  the  sands  at  station  818.  He  also  records  it  from  the  Paget 
sands,  stations  808,  809.     It  is  not  known  to  be  living. 

Buccinea  somersensis  sp.  nov. 

Suednea  bermudensis  (pars)  Gnlick,  op.  oit.,  1904,  p.  421  {non  Pfeiffer). 

The  ancient  form,  from  the  Walsingham  formation,  seems  to  be 
distinct  from  the  recent  species,  which  may  have  been  a  modern 
importation  from  the  West  Indies.* 

The  fossil  species  is  larger  and  stouter — usually  12  to  13""  long 
and  about  7""  in  diameter ;  length  of  the  last  whorl  about  9"".  It 
is  pretty  regularly  ovate,  the  breadth  more  than  half  the  length. 
Surface  nearly  smooth,  but  showing  delicate  lines  of  growth.  Spire 
small  and  acute.  The  shell  is  thicker  than  in  the  living  form.  Our 
largest  specimen  is  12""  long;  7""  broad. 

Gulick  gives  for  his  largest  example,  length,  .13!"";  diameter,  7"". 
It  is  seldom  that  the  modem  species  becomes  more  than  10  to  ii<»"> 
in  length,  usually  it  is  8  to  9.  Not  uncommon  in  the  Walsingham 
district.  Mr.  Gulick  records  it  from  his  stations  806,  807,  and  818. 
Whether  his  specimens  from  the  sand-pits  (Paget  formation),  at 


*  The  small  species  now  living  in  Bermuda  (see  figure  70)  has  bad  several 
names.     Some  of  the  references  are  as  follows : 

Suednea  barbadensis  Qnilding,  Zool.  Jonm.,  iii,  p.  582,  Snpl.,  pi.  27,  figs. 
4-6.  Pilsbry,  these  Trans.,  z,  p.  502.  Verrill,  these  Trans.,  zi,  p.  729,  figs. 
80,  a,  &,  1902 ;  ''  The  Bermuda  Is.,''  p.  817,  figs.  80,  a,  &. 

Sueeinea  bermtuiensiM  Pfeiffer,  Proc.  Zool.  Soc.  Lond.,  1857,  p.  110;  Guliok, 
op.  cit.,  p.  421,  1904. 


172  A.  E.  Verrill — The  Bermuda  leianda;  Geology. 

Btationa  808  and  809,  were  of  the  aame  form  ae  the  earlier  one  I  do 
not  know.  But  we  found  one  example  in  the  beach  rock  (Devon- 
shire formation)  near  Hungry  Bay,  associated  with  foraminifera  and 
shells  of  CcBcum,  etc. 

b.     "  Palmetto  Stump*  "  or  "  iSaniJ  Pipes." 
FiantE  56.    Plates  XIX,  XX. 


In  many  localities  and  at  varioaB  levels,  often  high  above  the  sea, 
but  especially  in  the  firm  Walsingham  limestones,  large  cylindrical  or 
cup-ehaped  cavities  are  found,  often  snriounded  by  a  hardened  wall, 
more  or  less  infiltrated  with  stalagmttic  material.  They  often  occur 
in  large  groups  and  are  frequently  connected  at  the  top  by  a  layer 
of  indurated  red  clay,     (See  above,  pp.  62,  72,  120.) 

They  are  generally  believed  by  the  natives  to  be  the  casts  or  molds 
of  palmetto  stumps,  and  this  view  has  been  adopted  by  several 
geologists.     But  Agassiz  believed  them  to  be  "  pot-holes"  made  by 


Figure  56. — A  "fosail  palmetto  Btnmp,"  which  has  parti;  weathered  out  from 
the  snTToundiiig  softer  etoDe,  and  ahows  iutemal  pittinge.     After  Thomson. 

the  sea.*  Tliomeon  considered  them  hollow  stalagmitee,  made  by 
dripping  water  in  imaginary  caverns.  Such  forms  are  not  peculiar 
to  Bermuda. 

Structures  very  similar  to  these  occur  in  the  white  chalk  of 
England  and  in  the  calcareous  rocks  of  Europe.  In  England  they 
are  called  "sand-pipes"  and  "  sand -gal  Is."  Examples  of  various 
sizes  are  figured  by  Lyell,  in  his  Manual  of  Geology,  ed.  4,  p,  82,  as 


*  I  have  shown  above  (pp.  120,  121),  that  the;  are  often  cooverted  into  pot- 
holes, when  thej  occur  on  the  shore  ledges. 
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tfaey  exist  at  Eaton,  near  Norwicli,  (Figure  57.)  They  vary  in 
size  there  from  a  few  inchee  to  12  feet  in  diameter,  and  in  depth 
from  a  few  feet  to  60  feet.  Most  of  those  figured  are  pointed  at  the 
lower  end.  Lyell  states  that  they  are  circular  and  very  symmetrical 
in  form.  He  hetieved  that  they  are  due  to  the  solvent  action  of 
percolating  rain  water,  but  he  does  not  explain  why  such  solvent 
action  should  be  concentrated,  for  long  periods,  upon  such  definite 
and  circular  spots,  often  close  together,  nor  why  the  holes  should 
preserve  a  circular  form  throughout  their  depth,  without  spreading 
laterally. 


Figure  ST.— Section  at  Eaton,  Eng.     After  Lj-ell.     C,  C,  white  chalk  ;  F,  F, 
laren  of  Biut  nodules;  S,  sand  and  Burface  soil;  a-/,  "sand  pipeH"of 


The  same  difficulties  are  obvious  in  the  Bermuda  eiamples,  for 
they  often  penetrate  through  layers  differing  in  texture  and  hard- 
ness, without  chan^ng  in  size  or  form.  If  due  wholly  to  the  ordi- 
nary solvent  action  of  rain-water,  we  should  expect  to  find  that  such 
waters  had  spread  laterally  in  the  more  porous  layers  and  so  pro- 
duced irregularities. 

It  appears  absolutely  necessary  to  assume  that  there  was  at  least 
some  definite  and  specific  cause  to  determine  the  position  and  circu- 
lar form  of  the  primary  pit,  if  we  admit  that  the  solvent  action  was 
the  active  cause  of  the  prolongation  downward,  for  puddles  of  rain- 
water, on  ordinary  natural  surfaces  of  soil,  assume  very  irregular 
forms,  and  are  rarely  symmetrica!  and  circular,  like  these  holes.  If 
we  could  explain  the  initial  circular  form  of  the  pits,  we  might  sup- 
pose that  the  solvent  action  had  made  them  deeper  and  larger, 
especially  if  the  pits  had  become  filled  with  clay-soil  and  decaying 
vegetable  matter. 

Tkahs.  Cohh.  Acad.,  Vol.  XII.  12  Febbd&bt,  1906. 
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Four  possible  causes  for  such  circular  pits,*  originating,  as  they 
often  do,  in  or  beneath  the  red-clay  soil,  appear  to  me  worthy  of 
consideration  at  present: 

A.  There  may  have  been  living  there  in  ancient  times  some  bur- 
rowing animal  that  formed  the  pits,  at  least  in  part.  The  only 
creature  that  I  can  suggest  as  possible  is  a  large  burrowing  land 
tortoise,  like  the  gopher  turtle  of  Florida.  But  I  do  not  know  that 
the  gopher  makes  its  holes  so  nearly  perpendicular  or  so  circular  as 
these  structures  usually  are.  The  sea- turtles  scoop  out  pits,  more 
or  less  circular,  in  which  to  deposit  their  eggs,  but  they  are  more 
irregular  in  size  and  form,  and  not  so  deep,  and  are  made  in  the 
beach  sands. 

J?.  In  ancient  times  the  sands  of  Bermuda  may  have  been  the 
breeding  place  of  some  large  gregarious  sea-birdf  that  excavated  its 
nests  in  the  sand,  in  the  form  of  round  and  shallow  pits,  suitable  to 
be  the  starting  point  of  these  cavities.  Or  some  such  bird  may  have 
had  the  habit  of  "  muffling "  itself  in  the  sand  to  remove  vermin, 
after  the  manner  of  the  domestic  fowls,  which  often  form  shallow 
round  pits  in  this  way. 

C,  Some  tree  or  other  plant  may  have  formerly  existed  here  that 
had  a  large  cylindrical,  perhaps  tuberous,  root,  which  may  have 
formed  the  initial  pit.  The  rain-water  trickling  down  all  around 
such  a  root  might,  by  its  solvent  action,  after  the  death  of  the  plant, 
continue  the  cavity  downward  in  the  same  cylindrical  form,  espe- 
cially if  the  rain-water  should  wash  clay  into  the  cavity  as  fast  as  it 
formed. 

The  trunk  of  the  common  palmetto  is  usually  somewhat  swollen 
or  bulbous  at  the  underground  base,  and  not  unlike  some  of  these 
cavities  in  size  and  form,  though  usually  not  so  cylindrical.  But  it 
sends  off  great  numbers  of  tough  rootlets,  in  every  direction.  Such 
rootlets  ought  also  to  have  left  casts,  but  I  could  find  no  traces  of 
them  in  the  structures  that  I  examined.^     But  there  may  have  been 


*  In  the  next  chapter  (p.  178)  some  aocoant  is  g^ven  of  more  irregalar  stmoo 
ttiTes  in  the  limestone  apparently  due  to  the  stamps  and  roots  of  cedar  and  other 
trees. 

f  The  considerable  percentage  of  calcinm  phosphate  in  all  the  ancient  red 
clays  indicates  that  birds  mnst  have  been  abundant  there  in  prehistoric  ages, 
as  they  were  when  the  islands  were  first  settled.  The  presence  of  the  salts  of 
potassiam  also  imply  the  existence  and  decay  of  abandant  vegetation. 

X  Professor  W.  N.  Rice  mentioned  finding  indentations,  looking  like  the  casts 
of  rootlets,  in  the  bottom  of  some  of  the  cavities  that  he  examined.  The  stractnrea 
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other  plants  there,  in  the  pliocene,  now  extinct,  that  had  Heshy  or 
succalent  roots  of  the  right  form,  with  rootlets  too  soft  to  be  pre- 
served. Some  species  of  West  Indian  Ipomeas  have  hage,  fleshy 
roots,  as  large  as  a  man's  body,  and  some  of  the  extinct  forms  may 
have  been  even  more  remarkable.*  It  is  not  necessary  to  suppose 
that  all  the  cavities  were  moulded  around  the  stump  of  a  palmetto  or 
palm,  living  or  extinct,  if  we  believe  them  to  be  of  vegetable  origin, 
for  there  are  many  herbaceous  plants  with  huge  roots,  and  some  of 
them  are  partial  to  sand  dunes  of  this  kind.  That  most  of  these 
cavities  are  in  the  ancient  Walsingham  limestone  is  significant,  but 
similar  ones  occur  in  the  later  rock  and  at  high  altitudes. 

It  is  also  important  to  note  that  in  the  most  typical  cases,  where  a 
large  group  occurs  (fig.  11,  and  pis.  xix,  xx),  they  all  start  downward 
from  one  particular  level,  usually  a  layer  of  red-clay  soil,  or  an 
ancient  '^  foi*est  bed,"  though  some  may  be  deep  and  others  shallow. 
This  is  contrary  to  what  would  have  been  the  case  if  they  had  been 
due  to  stumps  of  the  palmetto,  buried  in  the  drifting  sands,  for  in 
that  case  the  lower  ends  would  have  been  nearly  at  one  particular 
level,  or  in  a  layer  of  red-clay  soil.  In  most  cases  we  found  no  layer 
of  red-clay  at  or  near  the  lower  ends.  They  usually  terminated 
below  in  pure  limestone,  just  as  if  dug  out  to  variable  depths  by  a 
mechanical  tool. 

It  seems  to  me  very  probable  that  at  least  part  of  them  were 
started  by  the  thick  root  or  base  of  some  plant,  and  that  in  most 
cases  they  were  enlarged  and  deepened  by  the  solvent  action  of  the 
rain  water  that  naturally  found  its  way  into  the  crevice  around  the 
root,  or  around  the  core  of  loose  material  and  clay  that  l£iter  filled 
the  cavity,  after  the  roots  decayed. 

D,  The  initial  circular  cavity  may  have  been  formed  in  the  soil 
by  mechanical  means. 

Rain  water  dripping  at  one  particular  spot  from  the  branch  of  a 
tree  will  start,  in  loose  soil,  a  circular  cup-shaped  cavity,  which  could 
easily  be  prolonged  downward  and  enlarged  by  solvents. 

The  elastic  stems  of  grasses,  shrubs,  and  other  plants  growing  in 
rather  loose  sandy  soil  and  exposed  to  the  winds  will  often,  by  their 

examined  by  him  may  really  have  been  formed  around  the  bases  of  palmettos, 
for  they  are  probably  not  all  of  the  same  origin. 

Thomson  also  refers  to  the  pits  on  the  inner  surface  of  some  that  he  examined 
(see  his  tigs.  7,  9,  and  oar  fig.  56). 

*  Some  of  the  West  Indian  species  have  fleshy  roots  4  to  6  inches  or  more  in 
diameter  and  many  feet  long,  coiled  in  a  regular  tapering  spiral,  like  a  oork- 
Bcrew,  the  coil  often  10  to  12  feet  long. 
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rotary  motions,  loosen  the  sand  about  themselves  and  thus  cause  the 
wind  to  excavate  conical  or  cup-like  cavities.  Such  cavities,  if  pre- 
served by  clay  soil  washing  into  them  by  rain,  might  be  the  starting 
points  of  deep  cavities  excavated  by  solution. 

Whatever  the  cause  may  have  been,  in  particular  cases,  such  shal- 
low cavities,  if  in  a  calcareous  soil  covered  by  clay,  must  have  been 
filled  by  the  red  clay  washed  in  by  rain.  The  clay  core  on  drying 
would  shrink  away  from  the  surrounding  materials,  leaving  a  nar- 
row crevice  about  it  into  which  rain  water  would  percolate  and 
slowly  dissolve  away  the  surrounding  limestone,  redepositing  part 
of  it  a  little  farther  away,  as  the  moisture  evaporated.  The  enlarged 
crevices  would  be  filled,  again  and  again,  by  additional  clay  material, 
and  so  the  clay  core  would  be  increased  in  size  and  length  as  the 
solvent  action  went  on.  Thus  there  would  be  no  definite  limit  to  the 
depth  or  size  of  the  cavities,  provided  the  time  were  very  long  and 
no  insoluble  obstructions  were  encountered.  The  ordinary  effects  of 
gravitation  account,  in  this  theory,  for  the  extension  downward 
being  most  rapid.  The  presence  of  clay  deposited  on  the  sides  of 
the  cavities  accounts  for  the  water  not  spreading  much  laterally  in 
the  more  porous  layers. 

A  similar  effect  may  be  seen  when  pebbles  rest  upon  porous  ice 
or  snow  in  sunny  weather.  The  ice  melts  away  under  and  around 
the  stone,  but  mostly  beneath,  so  that  the  stone  soon  sinks  into  a 
hole  but  little  larger  than  itself. 

That  the  solvent  action  referred  to  will  result  in  forming  circular 
pits  may  be  demonstrated  experimentally  by  resting  balls  or  cylin- 
ders of  clUy  on  shallow  indentations  in  pieces  of  limestone  and  allow- 
ing very  dilute  acids  to  trickle  very  slowly  over  the  surface  of  the 
clay,  so  that  the  solution  will  evaporate  almost  as  soon  as  formed. 

The  best  examples  of  these  structures  that  I  saw  were  near 
Hungry  Bay  on  the  south  shore.  See  plates  xix,  xx.  At  this  place 
there  is  a  bench  of  hard  limestone,  believed  to  be  of  the  Walsing- 
ham  formation  (see  above,  pp.  62,  72),  just  above  high-tide,  which 
has  been  quarried  for  building  purposes.  So  that  good  sections  of 
some  of  the  cavities  have  been  made,  as  in  pi.  xix.*  The  upper  sur- 
face of  this  limestone  is  partially  covered  with  indurated  red  clay, 
the  softer  parts  of  the  clay  stratum  having  been  worn  away  by  the 
sea.  This  surface  is  perforated  by  a  large  number  of  these  cavities, 
most  of  them  nearly  round  and  a  foot  or  more  in  diameter.     If  due 


*  See  also  ^^  The  Bermuda  Islands/'  plates  Izzziy-y,  and  these  Trans.,  vol.  xi, 
same  plates. 
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to  palmetto  stumps  there  must  have  been  a  rather  thick  grove  at 
this  place.  They  terminate  below  at  various  levels  in  the  hard 
limestone  strata.  The  inn?r  surface  is  rough  and  often  stained  to  a 
dark  manganeee-bro wu  color,  but  I  could  see  no  evidence  of  rootlets 
in  tbese  examples. 

c.     Plants  ;  Ancient  Peat  and  Cedars. 

On  a  former  page  (p.  81)  I  have  mentioned  the  fact  that  a  bed  of 
peat,  with  red-clay  soil  and  vertical  stumps  of  cedars,  was  found,  in 
1870,  at  Ireland  Island,  in  making  the  excavation  for  the  floating 
dock.  This  fact  has  often  been  mentioned  as  evidence  proving  the 
subsidence  of  the  land.  A  fossil  species  of  land-snail  ( Pcecilozoniles) 
is  also  said  to  have  been  found  in  tbe  same  bed  or  in  the  teolian 
limestone  below  it. 

This  bed  of  peat  and  soil  was  overlaid  by  layers  of  sand-rook  and 
"  coral-crust,"  of  considerable  thickness,  as  shown  in  the  aucompany- 
ing  section,  copied  from  Thomson. 


F^nre  58. — Section  made  in  the  excavationa  for  the  dry  dock  at  Ireland  leland, 
ibovring  tbe  bed  of   peat  and   red  clay   witb   cedar  etampB,   etc.     After 
Thomaon. 
Tbe  Qpper  layer,  about  2S  feet  below  low-tide,  was  Sue  Bhell-sand  and  marl, 
4  feet  thick;  3d  layer,  8  feet  thick,  wan  " coral  crust,"  coDtaining  sheU-aand, 
fOBBll  Bbella,  and  varions  corals,  among  tbem   Mieandra  labyrinthiforniia ;  Sd 
layer  was  sbell-saDd,  mixed  with  corals,  aboat  7  feet  thick  ;  4th  layer,  about  7  feet 
thick,  was  loosely  coherent  and  harder  shell -limestoues ;  the  layer,  of  red  earth 
and  peat,  with  cedar  stnmpe  and  bones  of  birds,  was  3  to  4  feet  thick,  in  a 
hollow  eroded  ont  of  the  latter ;  5tb  layer  was  bard  leolian  limestone,  tested  by 
borings  to  52  feet,  containinjj  fossil  land  shells.     The  deepest  part  of  tbe  excava- 
tion was  50  feet.     Tbe  upper  sutfaoe  of  the  rod-soil  bed  was  44  to  50  feet  below 
low-tide. 

It  is  evident  that  this  bed  of  peat  and  vegetable  remains  must 
have  been  deposited  during  the  period  of  "  Greater  Bermuda,"  and 
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therefore  probably  belongs  to  the  Walsingham  Period,  though  per- 
haps to  the  latter  part  of  it,  for  the  peat  is  underlaid  by  older  seolian 
limestones. 

It  is  unfortunate  that  careful  microscopic  examinations  of  this 
peat  were  not  made,  for  it  might  have  been  possible  to  have  identi- 
fied specifically  some  of  the  plants  and  other  organisms,  which  may 
have  differed  from  those  in  the  modem  peat  bogs. 

The  overlying  beds  of  "  coral  crust "  may  have  belonged  to  the 
Devonshire  formation,  and  may  indicate  a  subsidence,  after  the 
latter  had  been  raised  above  the  sea-level  and  hardened,  for  such 
materials  do  not  appear  to  solidify  in  these  waters,  except  when 
exposed  more  or  less  to  the  air. 

25,     Fossils  of  the  Marine  Devonshire  Formation^  or  Beach  Lime- 
stones. 

The  typical  beach  deposits  of  this  period  have  been  discussed 
above  (see  pp.  76-81),  where  it  is  also  stated  that  the  raised  beach 
deposits  may  not  all  be  of  the  same  age,  and  that  some  of  them  may 
be  very  recent.  But  at  present  we  have  no  positive  means  of  deter- 
mining this  in  most  cases,  for  the  fossil  shells  are  generally  all  living 
species. 

As  the  true  Walsingham  limestones  were  deposited  at  a  time 
when  the  land  was  at  a  much  higher  level  than  now,  we  cannot  hope 
to  find,  on  dry  land,  marine  deposits  of  that  age. 

A  deposit  of  fossiliferous  rock  containing  TeUina^  Lucina^  etc., 
situated  16  feet  below  low-tide  mark,  found  in  the  excavations  made 
in  Tomlin's  Nan'ows,*  indicates  by  the  nature  of  its  solidification 
that  it  had  been  long  exposed  to  the  air  and  water  above  or  between 
tides.  It  may  represent  a  deposit  of  Devonshire  beach-limestone 
made  before  the  close  of  the  first  period  of  subsidence.  Bat  it  may 
better  be  taken  as  one  of  the  facts  indicating  that  a  small  amount  of 
subsidence  must  have  occurred  since  the  marine  deposits  were  first 
elevated.f  It  is  probably  of  the  same  age  as  the  "  coral  crust "  in 
the  Ireland  Island  section,  fig.  58.  These  submerged  deposits 
deserve  much  more  investigation. 

In  certain  cases  where  extinct  land  shells  of  the  Walsingham 
period  have  been  found  associated  with  red  clay  in  cavities  of  the 

*  See  also,  A.  Agassiz,  op.  cit.,  1895,  p.  280. 

f  This  would  be  in  accordance  with  mj  belief  that  these  Bermuda  sands  do  not 
solidify  into  firm  limestone  except  on  exposure  to  the  air.     See  p.  61. 
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b^ach-limestoDes,  they  appear  to  represent  beds  of  the  older  forma- 
tion that  were  buried  in  the  later  deposits  and  were  afterwards 
removed  by  solution,  leaving  the  shells  and  clay  behind,  as  in  the 
notable  case  at  Ireland  Island  described  by  Lieut.  Nelson  in  1840. 
His  description  is  quoted  above  on  page  77. 

In  the  mass  of  beach  rock  he  found  a  cavity  containing  loose  red 
earth  with  an  abundance  of  Poecilozonites  Nelsoni,  This  occurrence 
seems  to  me  an  additional  proof  that  the  beach  rock  at  this  place 
was  much  later  than  the  Walsingham  limestone,  as  in  the  other 
localities  described  above,  pp.  76-78. 

The  following  list  of  fossils  from  the  beach  deposits  is  very  incom- 
plete, for  I  did  not  have  time  to  make  so  large  collections  of  them 
as  I  wished,  and  most  other  collectors  have  neglected  them,  because 
they  are  nearly  all  living  species.  Professor  W.  N.  Rice  (op.  cit., 
p.  31,  1884)  has  given  a  much  longer  list  of  fossil  shells  than  any 
other  wnter.  Most  of  the  species  named  by  him  were  also  obtained 
by  my  party;  all  those  recognized  are  given  in  the  following  lists. 
Many  others  are  too  imperfect  for  identification. 

Crustacea  of  the  Devonshire  Formation, 

3alanuB  (large  sp.  like  B.  tintinahulum). 

Fragments  of  a  large  barnacle  were  common  in  the  beach-rocks 
near  Hungry  Bay.  It  must  have  been  at  least  1.5  to  2  inches  in 
diameter.    No  such  species  is  recorded  as  now  living  at  Bermuda. 

Cenobita  diog^enes  (Linn.).    Land  Hermit  Crab.    Figure  60. 

The  fossil  remains  of  this  land  crab  have  been  found  in  a  shell  of 
Ijivona  pica.  It  may,  however,  have  been  taken  from  comparatively 
modern  sand  dunes.  It  was  sent  by  J.  M.  Jones  many  years  ago, 
and  the  exact  locality  was  not  recorded  on  the  label. 

Marine  Shells  of  the  Devonshire  Form,ation, 

a.     Gastropods. 
Purpura  haBmastoma  Linn. 

Near  Hungry  Bay;  fragments. 

Purpura  deltoidea  Lam. 
Fragments  only. 

Nassa  ambigua  Montagn.    Fignre  59. 

Not  common.     Recorded  by  Rice  as  N.  Candei  d'Orb. 
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OohunbeUA  meicatoria  Lion.    Fignre  50a,  n. 

Common, 
OolnmbeUa  cribraria  I^m.    Figme  69a,  b. 

CommOD. 
OUts  rcfticnlkta  Lun. 

FragmentB  only. 
Olivella  oryza  I^m. 

Recorded  by  Rice. 
7asciolariA  'ligfai-Tig  Lam. 

Recorded  by  J.  Matthew  Jones,  a  single  instanoe. 


59 


Figure  .19,  a.  b.—Niusa  ambigua  ;  59a,  a,  Cohimbella  mfrcaloria  ;  59a,  6,  Colnm- 
beUa  cribraria.     All  natonil  size,  phot.  A,  H.  V. 

Natica  caurena  Linn. 

Rare. 
Trivia  quadri  punctata  Gray. 

Recorded   by  Rice  as   7'.    rotunda,   which    is   now    considerecl   a 

variety. 

Cyprsea  exantliema  Linn. 

Recorded  by  Heilprin  from  St.  George's  (as  C.  cerout  Linn,). 
CTpnea  cinerea  Gmel. 

Recorded  by  Rice  and  by  Heilprin. 
Ultimiu  ^bboBua  (Linn.)  Mtf. 

Recorded  by  Rice  as  Cijphoma  gibboaa;  rare. 

Strombua  coatatua  Gmel.  =accipitriniu  Lam,    Pare. 

Nelson   (see  above,  p.  78)  recorded  a  Strombus,  without  specific 
name,  from  Long  Bird  Island.     Heilprin  mentions  that  the  speci- 
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meDS  of  this  species  seen  by  him  were  antiquated  in  appearance. 
Probably  they  were  foBsil.  I  have  seen  no  recent  specimens  from 
Bermuda,  except  in  the  collection  of  Miss  Peniston,  who  had  several 
fine  ones  in  1898,  but  not  collected  personally.* 

Csrithium  twi-nitniiwi  Oiuel. 

Not  nncommon. 

Cwitliinm  variable  Adams. 
C.  ftTragineam  Say,  turn  Bmg. 
Common. 


Figure  5Bt. — Curuni  trrmes-;  a,  young ;  6,  nearly  adult.     By  A.  H.  V. 

Figore  S9c. — lioduUa  modulux,  two  exampleB.  slightly  enlarged.  Phot.  A.  H.  V. 

Ziittorina  an^ulifera  Lam. 
Near  Hungry  Bay. 

Tectariiu  muricatna  (Linn.). 
Near  Hungry  Bay. 

*  The  late  Miss  Mary  Peniston  had  a  veiy  valuable  local  collection  of  sheila 
which  she  had  obtained  during  many  yeara.  In  18^,  I  made  a  brief  examina- 
tion of  her  Bbells,  intending  to  made  a  careful  etad;  of  them  a  few  days  later, 
but  was  prevented  from  doing  so  by  a  severe  illness.  Sbe  died  before  niy  visit 
in  IdOl,  and  her  shells  were  on  fortunately  not  accessible  then.  She  did  not 
label  her  shells  to  any  great  extent,  depending  upon  her  memory  as  to  the  time 
and  place  of  capture,  etc.  She  had  a  considerable  number  of  txoUe  shells, 
given  to  her  by  others  as  collected  in  Bennnda,  which  she  personally  considered 
doubtful.  Among  such,  as  noted  by  me  at  the  time  of  my  visit,  were  Cypraa 
tigrU,  C.  aullvi.  Volvta  nmiica,  Murrjc  brattica,  etc.  Such  sheila  she  kept  on 
•  separate  shelf,  bnt  in  the  same  case  with  the  true  Bermuda  shells.  Whether 
the  Stromlnu  cKcipilriiivs  was  among  those  that  she  thought  doabtfnl,  my  notes 
do  not  show.  It  was  recorded  by  Erebs  from  Bermnda,  1864,  as  collected  by 
Bed&eld. 
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CaBCuxn  termes  Heilprin.    Figure  596. 

Several  specimens  in  hard  foraminiferous  limestone,  near  Hungry 
Bay. 

Vermetus  luxnbricaliB  Linn. 
Fragments  are  common. 

Tenagodus  ruber  (Sebum.)  M6rch. 
Siliquaria  rosea  Blainv. 

Fragments  are  common.  They  are  also  found  in  some  of  the 
modern  beach-sands,  to  which  they  sometimes  impart  a  reddish  tmt. 
Sometimes  erroneously  referred  to  the  SerpulidsB  as  "  SerpulA  ruhray 
First  recorded  from  Bermuda  by  MOrch. 

Scala,  8p. 

Bartram  (Berm.  Almanac  for  1881,  p.  126)  recorded  a  species 
(erroneously  as  ^^  Scalar idoB  scaberrima^^  of  Chenu),  which  he  said 
was  only  found  as  a  "  sub-fossil."  Chenu's  figure  of  Scala  scaberrima 
represents  a  Scala  with  numerous  delicate  varices,  not  nnlike  some 
of  the  living  Bermuda  species.  Though  Bartram's  identification  was 
doubtless  wrong,  it  indicates  that  he  had  a  true  Scala  from  this 
formation,  of  which  an  outcrop  occurs  close  to  his  former  residence, 
at  Stocks  Point.  In  the  same  list  he  mentions  other  "  sub-fossil  " 
species  as  not  found  living  now. 

liivona  pica  (Linu.).    Figure  60,  p.  197. 

Very  abundant  and  perfect  at  Devonshire  Bay  (Stevenson).  Com- 
mon in  the  beach  deposits  and  also  in  the  older  Walsingham  forma- 
tion, as  well  as  in  modern  sand-dunes.  (See  above,  page  158.)  Not 
known  as  now  living  in  Bermuda  waters. 

ABtraliuxn  longiBpixia  (Lam.). 

Near  Hungry  Bay;  not  common. 

ModuluB  xnoduluB  (Unn.).     Figure  59c. 
Modulus  lenticularis  of  many  writers. 

Not  very  common. 

Nerita  tessellata  Gmel.    Fignre  61,  1,  2. 
Not  uncommon. 

Nerita  peloroiita  Linn.    Fignree  61,  8,  5. 

Not  common.  Found  by  us  near  Hungry  Bay;  also  recorded  by 
Rice. 
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Neritft  varaicolor  Hettsch.    Figure  61,  4. 

Not  common ;  near  Hungry  Bay. 
Fisffurella  (Cremides)  barbBdenaia  (Gmel.).    FijrnTa  0*3,  a,  b. 

FUsurtUa  barbndeiiBia  GmeIin=F.  ond'Waruiii  d'Orb.,  and  of  many  others. 

Recorded  by  Rice. 

63 


Figure  61. —I,  2,  fferila  tttieUaia;  8,  5,  N.  prtoronta;  4,  !f.  ver»ieolor.    Natnral 

size ;  phot.  A.  H.  V. 
FigoredS. — a,  b,   Fimurelta  barbadentit ;  e,  Olyphia  altfmata;  d,   Siphonaria 

alUmata;  t.  Chiton  tubrrculalut,  yonng.     Ail  aboQt  natural  size.     Becent. 

Phot.  A.  H.  V. 

Fiasurideft  altamMa  (Say),    Figure  63,  r. 
FiMureUa  altemata  Sij=Olffpkii  altemata  of  many  writers. 
Recorded  by  Rice  as  J-^saurelta  grcecu,  which  is  a.  Mediterranean 
species  closely  related  to  F.  altemata.     Rice's  specimens  may  have 
been  F.  altemata,  which  is  the  common  recent  Bermuda  species  of 
this  group,  or  JF.  Linleri,  which  is  very  similar. 

Bulla  occidentAlia  Adama. 

BvUa  mtdia  of  many  anthore  (non  Linn.). 
Fragments  are  common. 
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b.     Bivalves. 

Tellina  laovigata  Linn. 

Fragments,  apparently  of  this  abundant  living  species,  are  common. 

Tellina  (Angulus)  promera  Dall. 

One  specimen  found  at  Hungry  Bay,  1901. 

Tellina,  sp. 

Fragments  of  one  or  more  additional   species  were  found,  too 
imperfect  to  name.     Fragments  are  abundant  at  Devonshire  Bay. 

Venus  or  Chione,  sp. 

In  Bartram's  list  (see  Berm.  Almanac  for  1881,  p.  126),  he  identi- 
fied a  species,  doubtless  erroneously,  as  Venus  puerpera  from  Chenu's 
figures,  351-354,  which  represent  a  rounded  lamellose  species.     He 
states  that  it  is  only  found  sub-fossil.     In  our  collection  of  the  recent 
shells  there  are  fragments  of  a  similar  large  species. 

Pullastra  or  Callista  1 

In  Bartram's  list  (op.  cit.,  1881,  reprinted  from  previous  years),  he 
records  a  shel],  only  found  as  a  fossil,  under  the  erroneous  name 
Pullastra  perovalis,  identified  by  Chenu's  figure  (vol.  ii,  p.  92,  f. 
411).  The  figure  represents  a  regularly  ovate,  smooth  shell  unlike 
any  recent  Bermuda  shell  known  to  me.  The  fossil  might  be  a 
Callista  maculata^  but  needs  reexamination  * 


*  Mr.  J.  T.  Bartram's  collection  of  shells,  birds,  fishes,  etc.  was  purchased  by 
the  Bermuda  government,  after  his  death,  but  it  was  not  accessible  at  the  time 
of  my  visits.  In  his  lists,  1875  to  1881,  many  species  entirely  foreign  to  Ber- 
muda are  included,  doubtless  brought  in  by  sailors.  Among  such  are  Buccinum 
undatunif  Fasciolaria  txilipa,  Terebra  tigrina^  Stromhus  peruvianua,  OHva  por- 
phyrea,  and  many  others.  Moreover,  many  of  the  true  Bermuda  shells  are 
wrongly  named,  from  a  superficial  resemblance  to  the  figures  in  Chenu,  and 
in  Woodward's  Manual,  which  seem  to  have  been  the  only  illustrated  works  on 
shells  that  he  had.  He  also  published  in  his  lists  many  (88)  of  his  own  manu- 
script names.  He  was  a  persevering  collector,  but  uneducated  and  without  any 
scientific  training.  He  resided  at  Stock's  Point  for  many  years,  but  had  pre- 
viously been  a  sailor.  If  his  collection  had  been  carefully  studied  by  a  compe- 
tent malacologist,  it  would  have  added  much  more  to  our  knowledge  of  the  Ber- 
muda fauna  than  his  lists  indicate,  for  they  are  far  too  unreliable  for  scientific 
use,  except  in  those  cases  when  confirmed  by  later  collectors.  He  also  left  a 
considerable  amount  of  MSS.  relating  to  his  shells,  but  they  have  not  yet  been 
examined  by  a  specialist  to  ascertain  their  value.  J.  M.  Jones  was  personally 
acquainted  with  Mr.  Bartram  and  certainly  saw  his  collection  and  exchanged 
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Fbacoides  pemuylTanicaa  (Uun.)  Dall,  1901. 
Vmiis  pennsjtlraaicalAatx.i  NeUon,  1840. 
Luefna  pentuyltanica  of  most  writers, 
Lvcina  Mpeefoia  and  L.  grandinata  Seeye  (t.  Dall.). 

Lieut.  Nelson,  1840,  recorded  this  as  Venus  pennayhanica,  and 
wrote  as  follows : 

"A  stratum  of  these,  in  indifferent  preservation,  is  in  the  quarry 
whence  the  stone  for  the  pier  at  St.  George's  ferry  was  obtained. 
This  bed,  however,  is  of  trifling  extent  compared  with  an  appareDtly 
corresponding  one  in  the  chain  of  islets  reaching  across  the  mouth 
of  Crow-lane  Harbour,  beginning  near  Phyllis'  Island,  and  continu- 
ing thence  through  every  point  till  it  reaches  Harris's  Island:  it  is 
about  five  feet  thick  and  lies  about  six  feet  above  the  water." 

Varietj  aomeroenaia,  nov.    Figure  63. 


Figure  63. — Phaoyidtt  ptnnrylvanicus,  tot.  tomersensis,  left  valve,  natoral  size. 
Type. 

Two  Beparat«  valves  of  this  large  and  thick  shell  were  found  by 
me  near  Hungry  Bay,  1901.  It  is  thicker,  more  convex,  and 
niQch  more  oblique  than  the  typical  form,  with  the  umbo  more 
prominent  and  the  beak  more  incurved,  and  situated  more  ante- 
riorly. The  dorsal  area  is  defined  by  a  wide  and  rather  deep  groove; 
the  lunule  is  large,  strongly  cordate,  and  sunken.    The  cardinal  and 

Bpecimeua  with  him  to  some  extent,  as  is  shown  by  their  correHpondence,  which 
I  have  seen,  bat  Jones  aeems  to  have  made  very  little  use  of  Bartram's  collection 
in  compiling  his  own  Uits  of  18S4  and  18TS,  which  are  mach  more  accnrata  than 
BartiBm'H  later  lists.  Mr.  O.  Brown  Goode  also  visltod  Ur.  Bartram's  place  and 
saw  his  collection,  but  made  very  little  nse  of  it,  except  tliat  he  credits  a  few 
species  of  Bshes  to  him,  in  his  list  of  1681  (Bermuda  Almanac,  p.  116). 
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lateral  teeth  are  well  developed.  There  is  no  radial  sculpture,  but 
the  surface  is  covered  with  shallow  unequal  grooves  or  undulations, 
with  larger  ones  at  two  resting  periods.  Height  of  figured  valve, 
55"";  transverse  elevation,  16"". 

Codakia  orbicularis  (Linn.)  Dall. 

Codakia  tigrina  in  most  recent  lists.     Lucina  tigrina  (para)  anth.  (non  Linn.). 

Fragments  are  common.    Recorded  by  Rice  as  (7.  tigerina, 

Ck}dakia  orbiculata  (Mont.,  1808)  Dall. 

Lucina  pecten  Lam.,  1818. 

Lucina  imbi'icatula  C.  B.  Adams,  1845. 

Lucina  pectinata  C.  6.  Adams,  1852  (non  Gmel.). 

Lucina  occidentalis  Beeve,  1850. 

Fragments  are  common. 


la  costata  (d^Orb.)= Lucina  antillarum  Reeve,  1850=L.  oi-nata  Adams, 
1852  (non  Reeve),  Hnngry  Bay. 

Chama  macropliylla  Chem.     ''  Rock  Cockle,^*    Plate  xxxv  b,  figs.  4,  4a. 

Common,   mostly  broken   in  small  fragments.     It   has   received 
many  other  names. 

Chama  lingna-fellB  Reeve. 

Recorded  by  Rice.     Probably  only  a  variety  of  the  preceding. 

Area  iiosb  Linn.     **  Mussel ''  of  the  fishermen.     Plate  xzzv  b,  figs.  6,  6a. 
Common. 

Area  (Barbatia)  domingruensis  (Lam.). 
Recorded  by  Rice. 

PectunctiluB  undatus  Linn. 

Several  valves  of  large  size  were  found  near  Hungry  Bay. 

Kodiola  tulipa  Lam.     **  Black  Mussel."    Plate  xxxv  b,  fig.  5. 
Fragments  near  Hungry  Bay. 

MytiluB  exustus  Linn.     ^*  Small  Black  MusseL" 

Common  ;   also  found  in  the  seolian  limestones,   just  above  the 
beach-rocks,  associated  with  land  shells,  near  Hungry  Bay. 

SpondyluB  americanus  Lam.     ''  Rock  Scollop."    Plate  xxxv  b,  figs.  1,  la. 

Fragments  are  common,  often  preserving  the  reddish  colors.     It 
has  received  a  variety  of  other  names. 


A,  E.  VerriU — TTie  Bermuda  Islands;  Geology,  187 


radiata  (Lam.).    Pearl  Oyster,    Plate  zxxv  b,  figs.  3,  2a. 
Fragments  retaining  their  pearly  luster  are  occasionally  found. 

OstrflBa  frons  Linn. 

Fragments  are  not  rare. 

Corals, 

f  Mycetopliyllia  Lamarckana  Eklw.  and  Haime,  (X)=Manicina  areolata  of 
Nelson  (an  incorrect  determination). 

The  specimen,  which  is  preserved  in  Coll.  Geological  Soc.  London, 
has  been  studied  by  Gregory.  If  correctly  named  by  him*  (as  M, 
Lamarcki)y  op.  cit.,  p.  266,  it  is  a  scarce  West  Indian  species,  not 
now  living  in  Bermuda. 

If  beach-worn,  as  is  probable,  I  should  suspect  that  it  was  rather 
one  of  the  common  Bermuda  species  of  Mussa.     (See  p.  77,  note.) 

P  IffsBandra  areolata  (Linn.)  Oken. 

Verrill,  these  Trans.,  vol.  xi,  p.  81-84,  pis.  xi,  xii,  1901. 
Manicina  areolata  Lam.     Lient.  Nelson,  op.  cit.,  1840. 

This  common  West  Indian  species  is  not  now  found  living  in 
Bermuda.  I  have  formerly  suggested  that  it  was  a  mistaken  identi- 
fication of  the  last  species,  but  this  needs  confirmation. 

Found  by  Nelson  in  the  beach-rock  of  Ireland  Island. 

Orbicella  cavernosa  (Linn.).    Figure  87.    Plate  xxx  a,  fig.  2. 
VerriU,  these  Trans.,  vol.  xi,  pp.  102,  171, 1901. 

This  species  was  recorded  as  a  fossil  from  Bermuda,  in  Coll. 
Geolog.  Soc.  London,  by  Gregory  (Proc.  Geolog.  Soc,  li,  p.  271), 
under  the  name,  0,  radiata, 

Madracis  decactis  (Lym.).    Figures  94,  95. 

This  species  was  recorded  by  Gregory,  op.  cit.,  p.  250,  as  found 
fossil  in  the  beach-rocks.     We  did  not  find  it,  except  living. 

▲garica  firagilis.    Figares  101,  101a. 
Affaricia  undata  Nelson,  1840. 

Found  with  the  last  by  Nelson.  Small  fragments  of  this  common 
thin  and  fragile  species  are  occasionally  found,  both  in  the  beach 
deposits  and  in  the  later  seolian  limestones. 

*See  these  Trans.,  xi,  p.  68,  where,  however,  this  identification  was  erron- 
eously attributed  to  Dr.  Vanghan.  Whether  it  be  Nelson's  specimen  may  be 
doubtful. 
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UiUepoia  alcicomis  Liim.    Figure  86,    PI.  ixi  a,  fig.  1. 

Fragments  of  the  fragile  branches  are  rather  commoQ  in  the  beach 
deposits.     It  is  now  one  of  the  most  abundant  reef  corals. 

Echinoderma. 
Mslitta  testudiiiAta  <Eteia)=5cutfJIa9uin9ve/ori«  Nelson. 

This  five-holed  sand-dollar  was  recorded  by  Nelson  from  Ireland 
Island  and  the  islands  in  Crow  Lane,  Hamilton.  It  has  not  been 
observed  here  by  others,  eitfaer  living  or  fossil.  The  six-holed 
species  (M.  sev^foris)  is  common,  however.  Possibly  Nelson  con- 
founded-the  two  species.  Both  are  common  on  the  sandy  coasts  of 
the  Carolinas  and  Florida. 

Foramin^era. 
In   some  of  the  finer  layers  of  beach-rock,  near   Hungry  Bay, 
foraminifera  of   many  species  were  common,  but  mostly  too  mnch 
worn  to  admit  of  specific  determination. 


I 


Pignre  64.— Or5i(o(ife»  marginalit,  x  10;  «4a,  tha  Muue,  profile  and  wotion;  646, 
O.  duplex,  X  6.     Both  after  Brady. 

Among  those  recognized  were  Orbiculina  adunca  (see  p.  140,  fig. 
35,12);  OrbUolitea  marginalia,  Sg.  6i;  0.  duplex,  &g.  6ib;  Cornu- 
spira  /oliacea  (fig,  35,  13);  MUiolina  eeminulum  (fig.  36,  3);  Jlilocu- 
Una  ringent  (fig.  35,  9);  Textularia  concava  (fig.  35,  5);  Peneroplia 
(fig.  35,  16).     But  many  other  species  were  present. 

FragmenU  of  the  common  red  sessile  foraminifer  {Polytrema 
miniaceum),  which  grows  firmly  attached  to  the  under  sides  of  dead 
corals  and  stones  in  warty  and  branched  forms,  are  not  uncommon. 
This  is  probably  what  Nelson  referred  to  as  a  red  MUUpora.    {See 
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chapter  30  for  figures.)  Delicate  shells  of  Mollasca  ( (7^c{<»n,  etc.) 
were  found  entire  in  the  same  layers,  indicating  that  they  were 
deposited  in  rather  quiet  water,  either  below  low-tide  or  in  a  shel- 
tered locality. 

The  species  and  varieties  from  these  beds  that  are  not  certainly 
known  to  be  living  in  Bermuda  waters  are  the  following: 

?Strombu8  accipitrinua. 

Fbsciolaria  distans, 

Scala,  sp. 

Livona  pica.     Common. 

Venus ^ — a  large  lamellose  species. 

Callista  (?),  like  C,  maculata  in  form. 

Phacoides  pennsi/lvanicuSy  var.  soniersensis  Ver. 

BalanuSy — a  large,  massive  species. 

'^Mycetophyllia  Lamarckana, 

JMceandra  areolata, 

Melitta  testudinata, 

26,     Fossils  of  the  ^olian  limestones  and  sands  of  the  Devonshire^ 

Paget,  and  later  formations. 

Certain  portions  of  the  seolian  limestones  must  have  been  of  the 
same  age  as  the  raised  beach  deposits,  and  seem  to  be  continuous 
with  them  at  some  localities  on  the  south  shores,  but  others,  and 
perhaps  the  larger  part,  are  of  later  origin,  down  to  modern  times. 
In  some  places  they  rest  upon  the  beach  limestone  unconformably. 
(See  above,  pp.  73-80,  and  plates  xvi-xix.)  At  present  it  is  impos- 
sible to  determine  the  relative  age  of  most  of  these  aeolian  limestones. 
We  know  that  some  rest  directly  upon  the  older  beach  deposits  or 
are  continnous  with  them,  and  overlaid  by  thick  strata  of  still  later 
origin,  yet  it  is  not  known  that  any  characteristic  differences  can  be 
made  out  in,  the  fossils  that  they  contain.  Hence  I  have  here  grouped 
together  all  the  fossils  from  these  newer  seolian  deposits,  whether 
supposed  to  be  contemporary  with  the  Devonshire  b^a>^h  deposits  or 
later. 

Although  we  have  not,  at  present,  sufficient  evidence  to  prove  any 
great  change  in  the  physical  conditions  between  the  Devonshire 
and  Paget  periods,  there  are  certain  facts  that  indicate  greater 
changes  of  level  than  the  few  feet  of  elevation  above  the  sea,  now 
shown  by  the  ordinary  beach  deposits.  The  discovery  by  us  of  a 
layer  of  hard  marine  limestone,  near  Hungry  Bay,  composed  largely 

Trans.  Conn.  Acad.,  Vol.  XII.  13  March,  1906. 
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of  foraminifera  and  small  marine  shells,  such  as  we  now  dredge  ap 
from  the  depths  of  3  to  5  fathoms,  indicates  that  after  deposition 
these  beds  may  have  been  raised  20  to  30  feet  or  more,  above  their 
previous  level.  Moreover,  the  occurrence  of  hard  limestones  con- 
taining marine  shells  in  the  excavation  for  the  dry  dock  (p.  177, 
fig.  58),  and  in  the  deepening  of  the  harbor  channels,  at  depths  of 
16  to  30  feet,  indicates  that  such  beds  have  at  one  time  been  elevated 
above  the  sea  and  subsequently  subsided,  for  the  loose  materials 
apparently  do  not  consolidate  here  except  above  low-tide  level,  where 
more  or  less  exposed  to  the  air  (see  p.  21).  These  facts  go  to 
show  that  a  second  period  of  subsidence,  perhaps  of  20  to  35  feet, 
followed  the  emergence  of  the  Devonshire  marine  limestones.  In 
that  case,  the  changes  in  physical  conditions  and  vegetation  must 
have  been  considerable  at  that  time,  and  doubtless  enough  to  exter- 
minate many  species. 

It  is  possible  that  the  unusually  thick  layer  of  red  clay  that  has 
been  found  to  underlie  the  city  of  Hamilton  and  adjacent  districts 
may  eventually  be  found  to  mark  best  the  distinction  between  the 
Devonshire  and  Paget  periods.  It  certainly  marks  a  very  long 
period  of  surface  decay  of  the  limestone  and  probably  of  forest 
growth.  In  some  of  the  sections  it  is  at  least  two  feet  thick.  In  a 
boring  for  the  military  works  at  Prospect  Hill,  it  was  cut  through 
at  the  depth  of  130  feet,  and  at  that  point  it  was  about  65  feet  above 
sea  level.  At  Hamilton  it  (or  a  similar  layer)  descends  nearly  to  the 
shore.     No  fossils  have  been  reported  from  it. 

As  it  seems  desirable  to  have  a  definite  name  to  designate  those 
limestones  known  to  be  newer  than  the  beach  deposits  of  Devonshire 
age,  I  propose  to  call  them  the  Paget  formation,  because  they  are  well 
displayed  near  Hungry  Bay  in  Paget  Parish,  where  my  photographs, 
here  reproduced,  were  made.  This  may  be  regarded  as  a  typical 
example  of  these  rocks.  See  plates  xvii-xix.  Their  physical  charac- 
ters have  been  described  above.     (See  p.  73  and  tig.  11.) 

a.     Fossil  Land  Shells  {Pttlmonata). 

Several  of  the  extinct  land  shells  of  the  Walsingham  period  are 
also  found  in  the  unconsolidated  sands  and  soft  shell  limestones 
referred  to  the  Devonshire  period.  In  some  cases  it  is  possible  that 
they  had  been  weathered  out  of  the  older  deposits  and  subsequently 
redeposited  with  other  wind-drifted  materials  in  the  later  sand-dunes. 
If  so,  we  have  at  present  no  means  of  determining  such  instances. 
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There  are,  however,  a  few  fossil  species  that  have  not  been  found 
in  the  older  rocks,  but  are  still  living.  The  following  species  have 
been  obtained  from  deposits  believed  to  be  of  these  later  periods  : 

Poecilozonites  bermudensiB,  var.  zonatus  Ver.    See  p.  164. 

9 

PUkTB   XXVI,  FIOUKES  1,  2.      PlATE  XXVII,  FIGUBES  2,  O-/. 

Very  common.  In  many  of  the  banks  of  soft  limestone  by  the 
roadsides,  especially  near  Elbow  Bay  and  Hungry  Bay,  it  weathers 
out  in  large  numbers  and  great  quantities  of  the  clean  shells  can 
sometimes  be  found  at  the  base  of  the  banks  after  rains.  It  was 
abundant  in  a  bed  of  partially  consolidated  sands  on  the  noithwest 
side  of  Charles  Island  (or  Goat  Island),  where  the  sea  was  under- 
mining it.  At  this  place  many  of  the  shells  retained  their  brown 
color-bands,  and  some  were  curiously  mounted  on  the  summits  of 
slender  columns  or  pedicels  of  shell-sand,  due  to  the  protection 
afforded  by  the  shells  from  erosion  by  the  falling  spray  or  rain. 
The  shells  figured  on  plate  xvi,  figs.  1-2,  were  from  this  locality. 

At  present  this  small  barren  island  is  nearly  bare  of  vegetation 
and  quite  unfit  for  the  existence  of  land  shells  of  this  kind.  Prob- 
ably these  fossils  date  back  to  a  period  when  this  island.  Castle 
Island,  and  the  other  adjacent  small  islands  were  much  larger, 
wooded,  and  connected  with  the  main  island  at  Castle  Point,  thus 
forming  a  continuous  barrier  on  the  south  side  of  Castle  Harbor. 
There  is  no  evidence  whether  Charles  Island  (also  called  Goat  Island 
and  Old  Fort  Island),  was  or  was  not  wooded  at  the  time  of  the 
first  settlements,  though  a  small  stone  redoubt  was  built  on  it  at  that 
time,  of  which  the  ruins  still  remain.* 

This  fossil  variety  (zonatus)  is  generally  easily  distinguishable 
from  the  recent  specimens.  The  shells  are  usually  distinctly  thicker 
and  heavier,  the  spire  is  usually  more  obtusely  rounded,  and  the 
body-whorl  less  sharply  angulated  in  the  adult  at  the  base.  The 
inner  lip  nearly  always  has  a  thick  callus  in  the  adult.  The  umbili- 
cus is  generally  decidedly  smallerf  than  in  the  living  form,  being 
usually  about  1™™;  sometimes  only  O.'S™'",  but  is  variable  in  both. 
The  fossil  shells  are  usually  conspicuously  banded  with  two  peri- 
pheral brown  bands,  often  separated  by  a  white  band  on  the  keel, 
while  the  recent  ones  are  generally  blotched  or  transversely  fiammu- 


*  See  **  The  Bermuda  Islands,"  p.  51,  fig.  23,  for  what  is  known  of  the  history 
of  this  rain. 

f  By  a  typographical  error  it  is  said  to  be  larger  in  my  former  article  (these 
Trans.,  xi,  p.  728,  note ;  and  *'  The  Bermuda  Islands,"  p.  316). 
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lated  with  brown,  as  shown  by  the  figures  on  plate  xxvii.  But  some 
of  the  fossils,  as  fig.  2,  c,  d^  are  also  slightly  flammulated,  similar  to 
some  of  the  living  ones,  while  the  living  ones,  as  fig.  1,  o,  ^,  are 
often  banded.  The  middle  row  of  shells  (figs.  1  and  2,  e  to  A)  in 
each  figure  show  the  range  of  variations  in  the  umbilicus  and  base 
of  each  variety,  while  the  lower  row  shows  the  rang  a  of  variation  in 
the  form  of  the  spire  and  aperture,  and  the  angulation  of  the  body- 
whorl.  In  fig.  2,  g,  the  umbilicus  is  reduced  to  a  small  pore,  while 
in  fig.  1,  e  and  g,  it  is  large,  yet  all  intermediate  sizes  occur,  from 
.6  to  2™'». 

Average  specimens  are  about  20  to  22""  in  diameter,  and  12  to 
14""  high,  but  the  larger  ones  may  be  24  or  25""  in  diameter  and 
14  to  16""  high.  Some  of  those  with  a  depressed  spire  measured 
10""  high  and  19""  in  diameter;  10""  high  and  20""  in  diameter. 
All  these  are  adults  with  a  thick  callus  on  the  inner  lip.  The  last 
body-whorl  is  usually  distinctly  angulated  and  sometimes  almost 
carinate.  In  the  young  the  spire  is  nearly  flat,  the  last  whorl  is 
carinate,  umbilicus  larger,  and  the  color  is  flammulated. 

This  variety  would  probably  pass  for  a  distinct  species  if  inter- 
mediate forms  were  not  found,  or  if  it  occurred  in  another  region. 

__  9 

The  modern  form  seems  to  be  a  degenerate  or  depauperate  descend- 
ant, altered  by  a  less  favorable  environment. 

The  living  form  of  this  species  has  been  erroneously  referred  to 
several  genera,  as  shown  by  Pilsbry  in  Proc.  Phil.  Acad.,  1888,  p. 
289,  where  he  has  figured  the  jaw,  radula,  and  genital  organs.  The 
following  references  apply  chiefly  to  the  living  form  (var.  bermuden- 
818)^  which  will  doubtless  be  found  in  the  more  recent  SBolian  lime- 
stones and  dune  sands,  if  sought  for. 

Poecilozonites  bermudensis  Pilsbry  {parsjf  Proc.  Acad.  Sci.  Philad.,  1888, 
p.  389,  pi.  xvii;  the  same  in  Heilprin,  ''The  Bermuda  Islands,"  pp.  196, 
198,  pi.  16,  figs.  E  (young),  C  (radula);  N,  O,  (genital  organs),  1889. 
Pilsbry,  Proc.  Phil.  Acad.  Nat.  Sci.,  1889,  p.  85  (anatomy  and  synonymy); 

Trans.  Conn.  Acad.  Science,  x,  p.  499,  1900. 
Verrill,  these  Trans.,  xi,  p.  728,1902  ;  ''The  Bermuda  Islands,"  p.  316  [728]. 
Zonites  bermudensis  Binney,  Annals  N.  York  Acad.  Science,  ill,  p.  86  (jaw 
and  radula). 

Plate  XXVII,  figures  1,  a-l. 

In  our  plate  twelve  recent  specimens  are  figured  from  photo- 
graphs. They  show  marked  variations  in  color,  elevation  of  spire, 
size  of  umbilicus,  shape  of  aperture,  and  extent  of  angulation  of  the 
body-whorl. 
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According  to  Pilsbry  (Phil.  Acad ,  1889,  p.  86),  tbie  species  wau 
the  type  of  the  genera  Pcecilozonites  Bottger,  1884  ;  Bertnudta 
Ancey,  1887  ;  Jiino  Masyck,  1889.  It  has  also  been  referred  to 
many  other  genera. 

Selix  ochrolf.uca  Pfr.  is  believed  to  be  a  pale,  plain-colored  variety 
of  this  species. 

PcBcUoBoniteB  Beiniaan*.    See  p.  164.     Fiohreb  66a,  666. 

This  living  species,  common  in  the  older  rocks,  was  also  found  by 
Mr.  Gulick  in  the  newer  sandy  deposits  at  his  stations  808  and  809, 
near  the  Devonshire  Marsh  and  barracks,  associated  with  the  last, 
and  by  us  near  Hungry  Bay. 

Variety  Goodei  Pilsbry  has  also  been  found  by  Gulick  at  Tower 
Hill.     Seep.  165. 


FigQrs  66. — Paeilazonitea  Reinianru ;  n,  under  side ;  6,  upper  side  of  another 
Bpeolmen.     Becent,  x  aboat  4.     Fhob^.  bj  A.  H.  V. 

PcecilOKOnitea  circumflrmatus.    See  p.  166.    Piodhbs  48a,  486. 

Found  by  Mr.  Gulick  at  stations  808  and  809,  with  the  two  pre- 
ceding. 

Variety  dUcrepans  (Pfr.)  has  also  been  found  in  these  deposils,  by 
Mr.  Gulick.     (See  p.  167.) 

Bnconulus  turbm&tuB.     See  p.  168.     Fiocres  SSn,  556. 

This  extinct  species  was  found  by  Mr.  Gulick  at  station  808,  with 
the  last. 

Polygyra  microdonta  (Desh.).    Figdbb  67. 

Pilabrr,  these  TraoH.,  i,  p.  496,  pi.  liii,  fig.  3,  1900, 

Verrill,  these  Trans.,  li,  p.  729,  fig.  72 ;  "  The  Bermnda  lalande,"  p.  317,  fig. 
12.     Qnlick,  op.  oit.,  p.  413,  1904. 

This  species  was  recorded  as  a  fossil  of  the  "drift  rocks"  by 
Professor  W.   K.  Rice  (as  Helix),  bat  he  did  not  give  any  special 
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locality.     It  was  not  fonnd  as  a  fosail  by  our  parties  nor  by  GdIIcIi. 
It  IB  an  abundant  living  xpecies,  foand  also  in  the  Bahamas. 

Pnpa  (Bifidaria)  mpicola.     See  p.  170.     Fiocbx  fS8e. 

One  specimen  was  found  by  Mr.  Gnlick  at  station  808. 


Figure  67. — Folygyra  microdonta,  enlai^ed  ;  from  pbotog.  b;  A.  E.  T. 

Figure  68. — a,  Papa  »erci'(i»,  jc8  ;   6,  Pupa  Jamaicentit,  xfl;   c,  Paparupieola, 

X  9  i  sfUr  Pilsbrj. 
Figure  99,—Pupoidet  marginalia,  nat.  uze  and  xft^j  ;  after  Binnej. 
Figure  70. — Suecinra  barbadewtis,  two  recent  Bpecimens,  x2  ;  from  pbotog.  by 
A.  H.  y.     All  from  recent  ipecimens. 

PnpoidM  nuu^inatus  (Saj).    Fiovbb  69. 
Pupa  marginala  Say. 

Pupoidei  marginalui  PtlBbry,  tbeee  TranB.,  i,  p.  498,  1890,  pi.  Ixil,  fig.  16. 
Verrill,  op.  cit.,  p.  729,  fig.  73. 

This  species,  which  is  still  living  in  Bermuda,  was  found  by  Mr. 
Gulick  at  station  809  (one  specimen). 
It  has  not  been  found  in  the  older  rocks. 

Oorycliium  bermiuleiiae  Onllck.    Seep.  171.    FtovttB  54,  a,  b. 

This  minute,  slender  extinct  species  was  found  in  the  sand-pits  at 
stations  806,  H09  by  Mr.  Gulick,  as  well  as  in  the  older  formations. 

Succinea  ■omerseiuia  Ver.    See  p.  171. 

This  species  was  found  by  us  in  the  tine,  hard,  marine  limestones 
near  Hungry  Bay,  associated  with  foraminifera  and  marine  shells. 
Mr.  Gulick  found  a  Succinea  (recorded  by  him  as  the  living  form 
{S.  bermudentis)  in  the  Paget  sands  at  his  stations  SOS  and  809, 
which  may  have  been  the  same  as  the  older  and  larger  species  or 
variety.  The  existing  species  is  figured  here  for  comparison  (figure 
70). 


A.  JS.  VerriU—The  Bermuda  Islands;  Geology.  195 

&     Fossils  Birds  and  Reptiles  of  the  Paget  Formatiotu 

Up  to  the  present  time  we  have  very  little  precise  knowledge  of 
the  vertebrate  fossils  that  have,  from  time  %o  time,  been  foand  in 
these  deposits. 

The  most  important  of  these  are  probably  the  bones  of  birds. 
Several  fossil  bones  of  birds  kept  in  the  collection  in  the  public  build- 
ing at  Hamilton  were  seen  by  the  writer,  but  they  were  too  few  and 
imperfect  for  identification,  unless  by  long  and  careful  comparisons 
with  the  skeletons  to  be  found  only  in  large  museums.  Other  col- 
lections of  birds'  bones  have  been  made,  but  not  yet  identified. 

Several  fossil  birds'  egg9>  have  also  been  found,  some  of  them  quite 
recently,  but  they  cannot  be  identified  with  certainty.  Those  that  I 
have  seen  are  about  the  size  and  shape  of  those  of  the  tropic  bird. 
Lieut.  Nelson  in  1 840  mentioned  the  discovery  of  the  bones  and  eggs 
of  birds  as  follows  : 

'*  Returning  to  the  cavern  at  the  North  Bastion  (fig.  8).  In  the 
heap  of  red  earth,  which  in  this  instance  only  had  rather  an  unc- 
tuous feel,  mixed  with  the  large  Helix  [P,  Nelsoni'jy  were  found  quan- 
tities of  birds'  bones.  From  the  best  accounts,  the  caves  at  Ireland 
were  frequented  until  lately  by  a  sea  bird,  whose  local  name,  derived 
from  its  peculiar  cry,  is  Pim-li-co.*  In  hazy  weather,  or  at  night, 
this  sound  was  always  a  warning  for  vessels  from  the  West  Indies  to 
put  about,  and  avoid  the  perilous  southwest  bar  and  reefs;  but  since 
the  establishment  of  the  dockyard  at  Ireland,  these  birds  have 
almost  left  the  Bermudas. 

Whilst  excavating  a  ditch  near  the  cavern  6,  shown  in  fig.  5,  p.  108, 
a  small  hole  was  discovered  in  a  rather  hard  rock,  composed  of  com- 
minuted fragments,  with  the  interstices  not  filled  up;  it  was  about 
twenty  feet  above  the  sea,  thirty  yards  from  it,  and  fifteen  feet  from 
the  top  of  the  hill,  but  without  any  apparent  connection  with  the 
surface.  In  this  hole  were  found  an  eggshell  and  many  fragments 
of  bones,  similar  to  the  preceding,  but  they  were  all,  as  well  as  the 
eggy  coated  with  carbonate  of  lime. 

Ireland  however  is  by  no  means  the  exclusive  mine  for  these  fossils. 
Bones,  apparently  those  of  birds,  have  been  found  in  the  limestone 
on  the  coast  of  Harrington  Sound  by  Mr.  Hill,  to  whom  I  am 
indebted  for  the  information.  He  obtained  specimens  fifty  feet  from 
the  water,  twenty  feet  above  it,  and  four  feet  under  the  surface. 


•  This  is  the  Shearwater,  Pujffinus  cinereua  or  Anduhoni,  which  still  breeds 
sparingly  in  Bermuda. 
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Three  egg8  were  found  close  to  the  bones,  and  similarly  imbedded. 
Another  egg  was  found  in  a  block  of  limestone  near  Hamilton."* 

A  fossil  egg  about  the  size  of  a  hen's  egg  was  found  by  Mr.  H. 
J.  Zuill  of  Orange  Grove,  Smith's  Parish,  Sept.,  1903,  in  breaking 
stone  by  the  roadside.     (See  Royal  Gazette,  Sept.  5,  1903.) 

Mr.  A.  Agassiz  mentions  a  fossil  egg  (as  that  of  a  tropic  bird) 
found  in  a  quarry  by  the  Middle  Road  in  Devonshire,  formerly  pre- 
served in  the  government  building.  I  examined  the  same  specimen, 
but  should  be  unwilling  to  say  it  was  the  egg  of  a  tropic  bird.  It 
may  have  been  a  shearwater. 

The  most  notable  discovery  of  the  bones  of  sea-turtles  is  that  men- 
tioned by  Nelson,  in  1840.  There  is  no  certainty  as  to  their  species 
and  they  may  have  been  of  recent  origin : 

"  Turtle  bones  were  also  procured  from  the  North  Bastion  coral 
rag,  and  from  the  sands  at  Elbow  Bay.  The  turtles  seem,  like  the 
poor  bird  before  mentioned,  to  have  been  buried  while  depositing  its 
^&gs>  *8  ^^c  two  skeletons  when  first  discovered  were  entire  and 
undisturbed.  Their  dimensions  were  nine  feet  in  length  and  seven 
in  breadth,  as  I  was  informed  by  an  eye-witness." 

The  earliest  records  of  the  Bermuda  settlement  mention  the  great 
size  of  the  turtles  as  found  living  at  that  time.f 

Probably  they  were  the  green  turtle  {Chelonia  my  das)  ^  which 
ceased  to  breed  here  probably  more  than  200  years  ago. J 

c.     Marine  Shells  in  the  Paget  Formation, 

Livona  pica  and  Oenobita  diogenes  (Linn.). 

Figure  60. 

This  well  known  large,  thick,  pearl-lined.  West  Indian  shell  is  one 
of  the  most  common  and  conspicuous  of  the  fossils  of  this  formation. 
Where  the  rock  is  feebly  consolidated  or  sandy,  these  shells  often 
weather  out  in  considerable  numbers  and  are  sometimes  nearly  per- 
fect, the  blotches  of  dark  color  still  showing  in  many  specimens.  As 
stated  above  (p.  158),  they  were  unquestionably  carried  up  from 
the  sea  shores  originally  by  the  land  hermit-crab  ( Cejiobita  diog- 
enes)j  which  is  still  living  here  in  considerable  numbers.  But  many 
of  the  shells  have  probably  been  used  again  and  again,  even  after 
they  have  been  weathered  out  of  previous  deposits. 


*  See  also  Hurdis,  Nat.  Hist,  of  the  Bermudas,  p.  373,  1897. 
t  See  Verrill,  *^The  Bermuda  Islands,''  p.  279  (691),  281. 
i  See  Verrill,  "  The  Bermuda  Islands,"  I,  p.  280,  1902. 
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In  a  few  instanoee  remains  of  the  actaal  shell  of  the  Hermit-crab 
have  been  found  in  the  fossil  Livona.  Mr.  J.  Matthew  Jones  sent 
roe  a  fossil  crab  of  this  kind  from  Bermada,  many  years  ago,  which 
had  the  characteristic  legs  and  claws  in  fairly  good  preservation. 
The  exact  locality  where  it  was  found  was  not  recorded. 


Fignre  SO. — I^nd  Hermit  Ciab  (CVnobita  diogenrs)  in  a  foawl  shell  of  Lie<ma 
pita,  i  natural  size.    Drawn  fium  life  b;  A.  H.  Terrill. 

The  correct  explanation  of  the  presence  of  this  shell  in  these 
elevat«d  beds  was  first  given  by  Lieut.  Nelson,  in  1840: 

"  The  l^trbo  pica  [  =  Livona  pica)  is  very  abundant,  with  the 
nacre  and  colors;  but  like  the  Venua  [I,ucina]  Pennsylvanica,  it  is 
chiefly  met  with  in  sand-pits,  and  more  recent  formations,  though 
without  the  slightest  reference  to  the  hardness  of  the  stone  contain- 
ing it.  It  seemed  difficult  at  first  to  account  for  these  large  shells 
{ Turbo  pica)  being  found  on  heights,  where,  from  their  weight,  it 
was  impossible  to  suppose  they  had  been  carried  there  by  the  wind; 
but  a  solution  may  be  found  in  the  habits  of  the  Soldier  Crab,  which, 
on  more  than  one  occasion,  I  have  seen  running  about  in  these 
shells." 

The  TAvona  appears  to  have  become  extinct  at  Bermuda  in  recent 
times,  for  its  broicen  shells  were  found  in  the  heaps  of  kitchen  refuse 
at  the  ancient  forts  on  Castle  Island,  as  if  used  for  food  by  the  garri- 
son there,  probably  during  the  war  of  1812.* 

Various  other  common  marine  shells,  especially  single  valves  of 
Tellina,  Mytilve,  Lucina,  C/itima,  elc,  are  occasionally  found  in 
these  deposits,  especially  in  those  that  are  but  a  few  feet  above  the 
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level  of  the  beach  deposits.  They  were,  without  doubt,  mostly 
carried  up  to  those  positions  by  unusually  high  winds  or  great  storm 
waves,  such  as  often  occur  in  modern  times.  But  crows  and  other 
birds  habitually  gather  such  shell-fish,  sea-urchins,  etc.,  on  the  shores 
and  carry  them  inland  for  food,  so  that  their  shells  may  occasionally 
be  found  at  any  elevation. 

d,    Fo88il8  of  uncertain  nature;  Casts  of  PlantSj  etc. 

In  many  localities  irregular,  cylindrical,  tapered,  and  sometimes 
branched  structures  occur  in  the  SBolian  limestones  at  various  levels. 
Sometimes  they  are  tubular  with  a  cavity  in  the  center,  either  empty 
or  filled  with  loose  sand.  In  many  cases  the  walls  are  thick  and  not 
very  firm  ;  in  other  cases,  especially  when  small,  the  walls  are  hard 
and  almost  crystalline.  These  are  generally  supposed  to  be  the 
moulds  or  casts  of  the  roots,  and  sometimes  of  the  stumps  of  trees 
and  other  plants.  In  some  cases  they  resemble  the  stumps  and  roots 
of  the  common  Bermuda  cedar,  but  they  seldom,  if  ever,  show  any 
organic  structure.  They  appear  to  have  been  formed  by  the  harden- 
ing of  the  sands  around  the  roots  by  the  rain  water  percolating 
through  decayed  roots  or  around  living  ones.  (See  p.  62,  above.) 
According  to  J.  M.  Jones  the  process  of  forming  these  casts  was 
still  going  on  near  Elbow  Bay,  when  he  wrote.  His  account  was  as 
follows: 

"  On  the  western  side  of  the  sand  hills,  there  is  now  a  plateau  of 
about  half  an  acre,  or  perhaps  more,  of  hardened  drift  sand,  forming 
gradually  into  rock.  On  its  face  are  cracks  filling  with  drift  sand  : 
showing  that  the  sun  doubtless  affects  this  hardened  surface.  Ele- 
vated stumps  of  a  foot  or  so  in  height,  rise  amid  this  plateau;  having 
each  a  hole  or  depression  at  the  centre.  These  denote  the  sites  in 
which  cedar  trees  formerly  grew.  At  the  east  end  of  the  hills  may 
be  seen  the  gradual  decay  of  cedar  stumps;  exhibiting  more  clearly 
the  several  stages  of  change;  which  are  the  more  worthy  of  study, 
in  consequence  of  the  light  they  throw  upon  the  many  curious 
chimney-pot  looking  structures  everywhere  to  be  met  with  on  the 
Bermuda  shores." 

Perhaps  these  root-like  structures  are  more  abundant  on  Cooper's 
Island  than  elsewhere,  but  we  observed  them  in  many  places.  In 
some  cases  small  tubular  root-moulds  were  seen  to  come  in  contact 
with  fossil  snail  shells  and  curve  around  them  in  clusters,  just  as 
living  roots  will  do. 
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Some  of  the  tubular  forms  may  have  been  due  to  the  consolidation 
of  the  walls  of  the  burrows  of  animals,  such  as  the  land-crabs,  earth- 
worms,  etc. 

Synopsis  of  Bermuda  Paleontology. 

Three  distinct  formations  can  be  distinguished  by  their  fossils: 

1st.  The  earliest  rocks  now  visible  aboy)e  the  sea  probably  belong 
to  the  Pliocene.  They  are  here  designated  as  the  Walsingham 
Formation.  They  contain  at  least  17  species  and  6  varieties  of  land 
shells  (Pulmonata),  of  which  9  species  and  4  varieties  are  extinct, 
besides  one  that  still  lives  in  the  West  Indies  and  southern  United 
States,  but  not  in  Bermuda  (JStrobilops  Hubbardi,  fig.  53). 

This  formation  contains  all  the  known  species  (6)  and  most  of 
the  subspecies  or  varieties  of  PcecilozoniteSy  a  genus  pecuh'ar  to 
Bermuda.  This  genus  had  already  attained  its  greatest  develop- 
ment at  that  early  period,  for  the  largest  and  strongest  species 
(P.  Nehoni)y  now  extinct,  was  then  very  abundant,  and  all  the 
other  species  and  varieties  were  larger  and  heavier  than  their  modern 
descendants. 

In  view  of  the  great  development  of  this  genus  at  that  time,  it 
might  well  be  called  the  Pcecilozonites  Period, 

No  marine  deposits  of  this  age  are  visible,  for  it  was  followed  by 
a  subsidence  of  100  feet  or  more. 

2d.  The  second  formation,  here  called  the  Devonshire,  is  composed 
in  part  of  marine  limestones  or  ^*  beach  rock,"  containing  a  large 
number  of  marine  shells,  corals,  foraminifera,  etc.  It  corresponds  to 
the  period  of  greatest  subsidence.  The  marine  limestones  are  now 
rarely  elevated  more  than  8  to  12  feet  above  the  sea  and  extend 
below  low  tide  in  some  places.  They  have  suflFered  greatly  by  ero- 
sion, and  are  now  often  of  small  extent,  ^olian  rocks  of  the  same 
age  occur.  The  marine  fossils  are  mostly  species  still  living  in  Ber- 
muda waters.  A  few  (about  10)  are  now  extinct  there  (p.  189),  but 
most  or  all  still  exist  in  the  West  Indies. 

This  period  probably  corresponds  precisely  with  the  Champlain  or 
Leda-clay  period  of  New  England  and  Canada.  It  was  followed  by 
a  period  of  elevation,  probably  of  small  amount  (at  least  12  feet, 
and  perhaps  25  feet  or  more). 

3d.  The  third  formation,  here  called  the  Paget,  was  the  period  of 
refilevation,  probably  to  a  height  somewhat  greater  than  the  present. 
It  consists  chiefly  of  aiolian  limestones,  unconsolidated  shell-sands. 
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and  red-clay  layers,  resulting  from  decomposition.  It  contains  at 
least  10  species  and  3  varieties  of  land  shells,  of  which  3  species  and 
I  marked  variety  are  extinct. 

It  corresponds  with  the  period  of  reelevation  on  the  American 
coast.  There  is  some  evidence,  in  the  submerged  hard  limestones 
containing  marine  fossils,  that  there  has  been  a  period  of  subsidence 
of  small  amount,  during  this  period. 
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Nelson,  Richard  J.— On  the  Geology  of  the  Bermudas.     Trans.   Geolog.  Soc. 

London,  2d  ser.,  v,  pp.  103-128,  with  woodcuts  and  map,  1837  (1840),  based 

on  observations  made  between  1827  and  1833. 
JVbrwood,  /2«c/iard.— Letter,  June,   1667,  on  tides,   etc.      Philosophical  Trans. 

Royal  Soc.,  ii,  pp.  565-667,  1667. 
Ogilvy,  John,  M.D.— An  Account  of  Bermuda,  Past  and  Present.     64  pp.,  8vo. 

Hamilton,  Bermuda,  S.  Nelmes,  1883. 
Pilshry  H.  A. — On  the  Helicoid  Land  MoUusks  of  Bermuda.     Proc.  Acad.  Nat. 

Sci.  Phila.,  1888.  pp.  285-291,  pi.  xvii. 
Deals  chiefly  with  Poecilozonxiea,  which  is  anatomically  characterized.  Contains 
figures  and  description  of  P.  Nelsoni.     Reprinted  in  Heilprin's  The  Bermuda 
Islands,  pp.  191-201,  pi.  16. 
The  Air-breathing  MoUusks  of  the  Bermudas.    Trans.  Conn.  Acad.  Sci., 

X,  pp.  491-507,  pi.  Ixii,  1900.     Description  of  P.  Nelsoni. 
Rein,  J.  J.— Bericht.  u.  d.  Senckenberg.  Naturforsch.  Gesellschaft,  Frankfort, 

1870,  pp.  140-158. 
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JKrai,  J.  J. — Die  Bennwdin  ■  Tiwptn  und  thre  KoimU^nrifi«.     Veiliaiidl.  d.  cnft^n 

dnitch.  Qcogmpk.  ta  Beriin,  1S81.  pp.  SJMe.  IS^. 
iZirr,  Wm,  XorflL—Gtokogr  of  Bennnda.     BoUetin  United  States  Nat.  MusMim* 

Xo.  25,  part  L  pp.  5-3S,  with  UlnstntioDs  and  a  map,  l^M.    Reviewed  in 

Amer.  Jonni.  Science,  ser.  3,  xjux,  p.  338^  1(6:^.  br  J.  D.  Dana. 
SeoH^  Amdrr^. — ^Notes  on  the  Beimada  Islands.    Amer.  Jonnu  Set.,  ser.  :3,  xxir* 

p.  ^4,  Sept.,  1837.    (Geological.) 
Stark,  J.  fl:— Stark^s  Illastiated  Bermnda  Goide,  pp.  157,  46  illnstxations  and  a 

map.     Boston,  Jas.  H.  Stark,  1S97. 

Sate. — A  large  part  of  the  descriptiTe  and  historical  tnatter,  including  the 
geology,  is  reprinted  from  Jones'  Visitors  Gnide,  1875,  without  acknowledg- 
ment. 
Sterensom,  John  J. — Notes  on  the  Geology  of  the  Bermudas.     Trans.  New  York 

Acad.  Sciences,  xri,  pp.  96-124,  with  map  and  two  plates,  Mareh,  18$^7. 
Tarr,  Ralph  S. — Changes  of  Level  in  the  Bermnda  Islands.    American  Geologist, 

xix,  pp.  293-303,  plates  16-18,  May.  1897. 

Synopsis  of  same.  Nature,  vol.  55,  p.  311.  Jan.,  1897. 

Thammm,  Sir  C.  Wyriile. — Geological  Peculiarities  of  the  Bermudas.  Nature, 
vol.  viu,  pp.  266,  267,  1  cut,  July,  1873. 

Voyage  of  the  Challenger.    The  Atlantic,  vol.  1.    London,  1877;  N,  V., 

1878.     Chapter  IV,  with  map. 

In  the  London  edition  the  parts  relating  to  Bermuda  are  on  pp.  288-366;  map. 
opposite  p.  290 ;  geology  on  pp.  305-335:  analynis  of  soils,  pp.  358-353;  metero- 
logical  tables,  pp.  354--357.  On  pp.  326-327  is  an  account  of  the  section  of  a 
large  stalagmite  from  a  Walsingham  cave,  presented  to  the  Mns.  of  the  Univ.  of 
Edinburgh  in  1819,  by  Sir  David  Milne,  and  of  the  catting  of  a  second  section 
from  the  same  stump  after  Thomson^s  visit.  (See  above,  p.  85,  note.)  The 
paging  of  the  New  York  edition  is  not  the  same. 

Tizardf  T.  H.,  and  others. — Narrative  of  the  cmise  of  H.  M.  S.  Challenger,  with 
a  general  accoont  of  the  scientific  results  of  the  expedition.  2  vols  in  3. 
1882-1885  [vol.  1,  1884-85,  vol.  2,  1882.] 

Vol.  i,  pt.  1. — General  description  of  the  geology,  flora,  and  fauna  of  the  Ber- 
mudas ;  19  woodcuts,  diagram,  and  three  charts,  pp.  136-153,  160-167. 

Vol.  i,  pt.  2. — Revised  table,  showing  the  positions  of  the  soundings,  the  tem- 
perature, etc. ,  of  surface  and  bottom  water,  trawlings,  dredgings,  etc. ,  near  Ber- 
muda, Appendix  II,  pp.  1008-1009.  Also  a  revised  determination  of  the  latitude 
and  longitude. 

Vol.  ii. — Abstract  of  magnetical  observations  taken  at  fifteen  different  points 
on  land,  at  Bermuda,  with  descriptive  references  to  observation  spots,  pj).  25, 
46;  pp.  56-59;  Abstract  of  Variations,  etc.,  pp.  76;  114-119;  274-276;  276- 
277  ;  278-270  ;  280-281 ;  296-297  ;  346-352  ;  864-369.     (Cole.) 

Vem7/,  Addison  E. — Notes  on  the  Geology  of  the  Bermudas,  Amer.  Jouni. 
Science,  ser.  4,  vol.  ix,  pp.  313-340,  with  11  cuts  and  a  map.  May,  1900. 

The  Bermuda  Islands :  Their  Scenery,  Climate,  Productions,  Physiog- 
raphy, Natural  History,  and  Geology ;  with  sketches  of  their  Karly  His- 
tory and  the  Changes  Due  to  Man.  Vol.  xi,  Part  II,  pp.  i-viii,  413-956, 
including  a  full  index  of  44  pages ;  285  cuts  in  text ;  40  plates,  Ixv-oiv. 
April,  1902— Feb.,  1903. 


204        A.  E.  VerriU—The  Bermuda  Islands;  Coral  Beefs. 

AUo  isHued  Beparately,  with  new  title-page  and  special  pagination  [i-z  ;  1-548], 
and  8  additional  cuts,  as  author's  edition.  Bound  in  cloth  and  in  card-board. 
Includes  Bibliography,  pp.  849-864. 

VerHUy  Addison  E. — ^Variations  and  Nomenclature  of  Bermudiau,  West  Indian, 
and  Brazilian  Reef  Corals,  with  Notes  on  various  Indo-Paoific  Corals (105  pp., 
plates  x-xxzv ;  8  cuts  in  text),  1901.  Discussion  of  Bermuda  fossil  coral 
on  pp.  68,  81,  notes.     In  note  on  p.  68,  for  Vaughan,  read  Gregory. 

Wallace,  Alfred  Russell. — Island  Life,  London  edition,  1880,  pp.  258-264.  New 
York  edition,  pp.  249-260. 

Contains  a  brief  account  of  the  geology  of  Bermuda. 

Von  Martens,  E. — Sitzungsber.  Ges.  Nat.  Freunde,  Berlin,  1889,  p.  201.  Records 
fossil  P.  Nelsonif  from  collection  of  Beyrich. 

Part  V. — Characteristic  Life  of  the  Bermuda  Coral  Reefs. 

The  geological  structure  of  islands  suiTounded  by  coral  reefs  is  so 
largely  dependent  on  the  animals  and  plants  occupying  the  reefs 
that  a  brief  review  of  the  principal  forms  of  life  seems  to  be  highly 
desirable.  The  general  character  of  the  groMrths  upon  many  of  the 
Bermuda  reefs  was  given  by  Mr.  Agassiz  in  his  valuable  memoir,*  but 
he  usually  mentioned  only  a  few  of  the  genera  and  families  of  the 
larger  corals,  gorgoniae,  etc.,  that  he  noticed,  and  without  figures. 
My  present  purpose  is,  therefore,  to  give  a  more  specific  and  detailed 
account  of  the  principal  living  forms,  with  figures  of  many  of  them, 
so  that  students,  with  few  other  books,  and  also  amateurs,  when 
visiting  the  reefs,  may  be  able  to  recognize  many  of  the  species, 
without  much  difficulty. 

The  outer  reefs  cannot  be  safely  visited  except  in  pleasant  weather, 
with  little  or  no  wind,  on  account  of  the  heavy  sui-f  that  frequently 
covers  them.  But  there  are  interesting  and  productive  coral  reefs  in 
Castle  Harbor  which  can  be  studied,  even  in  somewhat  windy 
weather,  especially  if  the  wind  be  from  the  west  or  northwest. 
Others,  in  and  near  Great  Sound,  Bailey  Bay,  etc.,  can  be  visited 
when  the  wind  is  southerly  or  oflF  shore.  The  outer  reefs  are,  how- 
ever, of  greater  interest,  because  the  corals  and  other  groups  grow 
upon  them  much  more  luxuriantly  than  elsewhere.  Those  off  the 
south  shore  and  the  extensive  areas  off  the  western  end  of  the  islands 
have  been  least  studied,  owing  to  the  almost  continuous  surf. 

The  reefs  or  "flats"  near  the  North  Rocks  (see  figs.  23,  24)  are 
among  the  best  localities  for  studying  the  life  of  the  outer  reefs,  for 


*  a.   Agassiz,  Visit  to  the  Bermudas,  March,  1894.     Bull.  Mns.  Comp.  2k>ol., 
xxvi,  pp.  209-281,  29  plates. 
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they  are  often  laid  bare  for  two  hours  or  more,  at  low-water  of 
spring  tides.  But  there  are  reefs  much  nearer  the  shore  that  yield 
nearly  all  the  species  found  there,  though  less  abundantly.* 

The  water  is  so  transparent  in  pleasant  weather  that  objects  can 
easily  be  seen  on  the  bottom  to  the  depth  of  20  to  30  feet  or  more, 
by  using  a  water-glass,  with  which  nearly  all  the  boatmen  are  pro- 
vided. 

But  many  of  the  reefs,  which  are  covered  at  low-tide  by  only  1  to 
3  feet  of  water,  can  best  be  thoroughly  explored  by  wading  over  them 
clothed  only  in  a  bathing  suitf  and  stout  boots,  for  the  surface  is 
apt  to  be  very  rough  and  unreliable. 

To  obtain  very  large  corals  we  used  large  and  strong  steel  double 
grapples,  made  for  the  purpose,  and  worked  with  a  rope  from  a 
large  row-boat. 

The  Bermuda  lobster  is  often  taken  by  the  fishermen  by  means 
of  a  long-handled  spear  or  '^  grains."  But  it  requires  considerable 
skill  and  much  practice  to  use  this  instrument  in  deep  water,  owing 
to  the  strong  refraction.  Yet  some  of  my  party  acquired  great  skill 
in  its  use.  We  took  Octopus,  large  holothurians,  etc.,  as  well  as  the 
lobster,  in  that  way. 

The  fishermen  use  large  lobster-traps  of  a  peculiar  formj  in  which 
they  also  often  take  various  fishes,  Spanish -lobster8  {Scyllarides), 
crabs,  etc.  Such  traps,  slightly  modified  and  suitably  baited,  would 
serve  admirably  for  the  purpose  of  catching  the  rarer  forms  of  Crus- 
tacea, carnivorous  gastropods,  etc.,  living  among  the  reefs  in  deep 
water.  For  the  deeper  waters,  'Hangles"  can  sometimes  be  used  to 
advantage,  but  among  and  near  the  actual  reefs  the  bottom  is  apt 
to  be  too  rough  and  rugged  even  for  tangles. 

*  The  larger  and  better  forms  of  corals,  gorgonlaB,  sponges,  etc.,  must,  as  a 
rule,  be  obtained  by  the  use  of  grapples.  A  form  of  grapples  nsed  there  by  the 
fishermen  and  called  by  them  *' nippers,"  is  an  excellent  instrument  for  this 
pnrpose.  It  is  attached  to  a  pole  abont  20  to  24  feet  long  and  is  worked  by  a 
cord  attached  to  the  moYable  jaw. 

f  This  was  the  method  nsed  by  my  students,  daring  onr  visit  in  1898.  As  all 
were  expert  at  diving  and  swimming,  the  large  boat  could  thus  be  rapidly  filled 
with  choice  specimens  in  much  better  condition  than  those  obtained  by  the  use 
of  '^  nippers,'*  which  often  break  delicate  corals,  etc.  Still  the  nippers  had  to 
be  used  at  depths  beyond  the  reach  of  the  divers,  and  for  corals  growing  in 
inaccessible  recesses  and  crevices  ;  also  for  objects  that  cannot  safely  be  handled, 
like  the  long-spined  Diadema. 

X  See  **  The  Bermuda  Islands,-'  i,  p.  298,  for  a  figure  of  the  ordinary  style  of 
lobster-pot  used  there,  and  pi.  xoiv,  fig.  1,  for  a  figure  of  the  '*  lobster." 

Trans.  Conn.  Acad.,  Vol.  XII.  14  March,  1906. 
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AKTHOZOA. 

Madreporaxia ;   True  Reef-corals. 

In  any  examination  of  the  reefs,  the  corals,*  actinians,  gorgonise, 
and  bright  colored  sponges  naturally  attract  most  attention.  Nearly 
all  the  corals,  as  well  as  most  of  the  other  forms  of  Bermudian  reef 
animals  and  plants,  are  the  same  as  those  found  on  the  reefs  of 


*  The  more  important  recent  systematic  works  relating  to  the  corals  of  Ber- 
mnda  are  the  following.  Many  other  special  papers  and  the  general  works  of 
Elhrenberg,  Dana,  Edwards  and  Haime,  etc.,  are  qnoted  in  the  synonymy  : 

Agassiz,  Louis. — Report  on  the  Florida  Reefs.  Accompanied  by  illustrations  of 
Florida  Corals,  4to,  23  plates.  Edited  by  A.  Agassiz.  Explanation  of  plates 
and  names  o{  the  corals  by  L.  F,  Pourtalis.  Mem.  Mns.  Com  p.  Zoology, 
vol.  vii,  No.  1,  1880. 

The  plates  are  remarkably  good  lithographs,  mostly  by  Sonrel,  and  illustrate 
many  of  the  species  found  ut  Bermuda,  including  also  the  very  young  of  several 
species.     It  contains  no  descriptions. 

Dana  J  J.  D. — Corals  and  Coral  Islands.  In  ed.  8,  1890,  the  list  of  Bermuda 
corals  is  on  p.  1 14.    (Determined  by  A.  £.  Verrill.) 

Duchassaing,  P.  and  Micheiotti,  G. — Memoire  sur  les  Coralliaires  des  Antilles. 
Mem.  R.  Acad.  Sci.,  Torino,  ser.  2,  vol.  xix,  pp.  89,  10  plates,  1860.  Sup- 
plement to  same,  Mem.  cit.,  vol.  xxiii,  pp.  112,  11  pi.,  1866. 

Duerden,  J.  E. — Order  of  appearance  of  the  Mesenteries  and  Septa  in  the  Madre* 
poraria.     Johns  Hopkins  Univ.  Circular,  xix,  pp.  47-53,  1900. 

— ■^—  Morphology  of  the  Madreporaria,  iii.  The  Significance  of  Budding  and 
Fission.  Annals  and  Mag.  Nat.  Hist.,  ser.  7,  vol.  x,  pp.  382-393,  1902. 
No.  iv,     Fissiparous  Gemmation,  op.  cit.,  pp.  141-155,  1908. 

Aggregated  Colonies  in  Madreporarian  Corals.     Amer.  Naturalist,  xxxvi. 


pp.  461-471,  1902. 

—  West  Indian  Madreporarian  Poljrps.     Mem.  Nat.  Acad.  Science,  vol.  viii. 


No.  7,  pp.  401-597,  pis.  i-xxv,  1902. 

This  is  the  most  important  work  hitherto  published  on  the  anatomy  and 
histology  of  the  soft  parts  of  reef  corals,  including  their  relations  to  the  coral- 
lum.  More  or  less  of  the  embryology  of  several  species  is  also  given.  About 
26  species  were  studied,  including  10  that  occur  at  Bermuda. 

The  Coral  Siderastrea  radians  and  its  postlarval  Development.     Publ. 

No.  20.     Carnegie  Inst.,  Washington,  D.  C,  130  pp.,  11  plates,  1904. 
Gregory,  J.  W. — Contributions  to  the  Paleontology  and  Physical  Geology  of  the 

West  Indies.     Quart.  Joum.  Geological  Society  of  London,  vol.  li,  pp.  255- 

812,  pi.  xi,  1895. 

This  is  chiefly  devoted  to  the  fossil  and  recent  corals  and  includes  lengthy 
synonymy,  which  in  numerous  cases  is  erroneous,  as  Vaughan  has  shown.  He 
recorded  three  fossil  species  from  Bermuda  and  several  recent  ones.     Among 
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Florida  and  the  Bahamas.  But  many  of  the  common  Bahama 
species  do  not  occur  in  Bermuda.  Therefore  the  reefs-coi*al8  here 
are  less  varied  and  less  luxuriant.  The  absence  from  Bermuda  of 
the  large  branching  and  palmate  forms  of  Acropora  (or  Madrepora) 


the  latter,  he  erroneously  recorded  ColpophylUa  gyrosa,  due  to  the  fact  that  he 
wrongly  considered  Mussa  fragilis  Dana  a  synonym  of  that  species.  His  record 
of  Agaricia  agaricitea  is  probably  also  due  to  his  erroneous  synonymy,  for  he 
did  not  record  A.  fragile  from  Bermuda,  which  he  very  likely  confounded  with 
the  former. 

Heilpriiiy  Angela, — The  Bermuda  Islands,  1889. 

Gives  a  list  of  10  species  on  pages  99-108.     Several  are  synonyms. 

LesueuVf  M. — Descr.  de  plusieurs  Anim.  appar.  aux  Poly  piers  Lamellif^res.   Mem. 
du  Mus.  d'Hist.  Nat.,  vol.  vi,  pp.  271-299,  pi.  15-17,  1820. 

Figures  the  polyps  of  several  species ;  a  number  of  new  species  described. 

Pourtal^Sj  L,  F. — The  Beef  Corals.    Illust.  Catal.  Mus.  Comp.  Zoology;  Memoirs, 

vol.  ii,  pp.  65-93,  1871.     See  also  Agassiz^  L. 
Quelchy  John  J. — Report  on  the  Reef  Cofals.     Voyage  of  Challenger,  Zool.,  vol, 

xvi,  202  pp.,  12  plates,  1886. 

Enumerates  nearly  all  the  known  corals  of  Bermuda,  with  descriptions  of 
many.     Admits  too  many  species  of  Isophylliay  Oculinay  and  Meandrina. 

Vaughan,  T.  TFiay/and.— Some  Fossil  Corals  from  the  Elevated  Reefs  of  Curasao, 
Arnbe,  and  Bonaire.     Samml.  Geolog.  Reichs-Mus.,  ii,  99  pp.     8vo,  1901. 

Contains  detailed  descHptions  and  full  synonymy  of  many  recent  West  Indian 
species.  Also  a  good  bibliographical  list  of  works  relating  to  West  Indian  corals. 

The  Stony  Corals  of  Porto  Rican  Waters.     Bulletin  U.  S.  Fish  Commis- 
sion, vol.  XX,  for  1900,  pp.  290-320,  88  plates,  1901. 

Contains  descriptions  and  detailed  synonymy  of  the  species,  with  numerous 
figures  from  photographs.  For  the  later  views  of  Dr.  Vaughan,  on  their  nomen- 
clature, see  Amer.  Joum.  Science,  xiii,  p.  76  (note),  Jan.,  1902  ;  and  these 
Trans.,  vol.  xi,  p.  206,  1901. 

VerriU,  Addison  J?. —Bulletin  Mus.  Comp.  Zool.,  I,  No.  3,   pp.  29-60,   1864. 
Records  several  Bermuda  species. 

On  the  Polyps  and  Corals  of  Panama,  with  descriptions  of  new  species. 

Proc.  Boston  Soc.  Nat.  Hist.,  x,  p.  828,  1866. 

Contains  a  comparison  of  the  West  Indian  Coral  Fauna  with  that  of  Panama. 


—  Comparison  of  the  Coral  Fauns  of  the  Atlantic  and  Pacific  Coasts  of  the 
Isthmus  of  Darien.     American  Naturalist,  iii,  p.  499,  Nov.,  1869. 

—  Additions  to  the  Anthozoa  and  Hydrozoa  of  the  Bermudas.  Trans.  Conn. 


Acad.  Science,  vol.  x,  pp.  551-572,  pi.  Ixvii-lxix,  1900. 
—  Additions  to  the  Fauna  of  the  Bermudas  from  the  Yale  Expedition  of 
1901.     Trans.  Conn.  Acad.  Sci.,  vol.  xi,  pp.  47,  plates  i-ix ;  6  cuts  in  text, 
1901. 
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muricata  is  particularly  noteworthy,  for  tke  latter  are  often  the 
most  conspicuous  of  the  corals  on  the  West  Indian  reefs.  One 
reason  for  their  absence  here  may  be  the  lower  temperature  of  the 
water  in  winter.  But  it  may  be  due  in  many  cases  to  the  short 
duration  of  the  free-swimming  larval  stages*  of  such  species,  so  that 
the  young  larvsB  may  all  perish  before  arriving  at  Bermuda.  The 
same  causes  have  influenced  most  of  the  other  marine  animals. 

Probably  most  of  the  Bermuda  species  have  migrated  in  one  way 
or  another  from  the  Bahamas.  How  long  a  time  is  required  for 
drifting  objects  to  travel  from  the  Bahamas  to  the  Bermudas  is  not 
known.  The  distance  is  rather  more  than  700  miles,  but  floating 
objects  would  not  travel  in  a  straight  line.  They  would,  most 
likely,  travel  at  least  1,000  miles  in  such  a  journey.  At  the  rate  of 
1  mile  per  hour  the  northward  drift  would  be  1008  miles  in  42  days, 
or  720  miles  in  30  days.  Probably  the  average  rate  of  the  current, 
in  this  region,  may  not  be  much  greater  than  that. 


Verrill  J  Addison  E. — Variations  and  Nomenclature  of  Bermndian,  West  Indian, 
and  Brazilian  Beef  Corals,  with  Notes  on  varions  Indo-Pacific  Corals  (105 
pp.,  plates  x-zzxv;  8  cuts  in  text).  Trans.  Conn.  Acad,  of  Science,  vol. 
xi,  part  I,  pp.  68-168,  1901. 

Contains  figures  and  descriptions  of  most  of  the  Bermuda  corals  with  details 
of  sjmonymy,  etc. 

Comparison  of  Bermudian,  West  Indian,  and  Brazilian  Coral  Faunee, 

op.  cit.,  pp.  169-306,  cuts  in  text,  1901. 

Includes  a  list  of  all  Bermuda  corals  then  known. 

Zoology  of  the  Bermudas,  vol.  i,  437  pp.,  45  pi.,  1908. 


Includes  the  four  preceding  papers,  as  articles  5,  10,  11,  13. 

Review  of  The  Stony  Corals  of  Porto  Bican  Waters  by  T.  W.  Vaughan, 


Amer.  Jour.  Science,  vol.  xiii,  pp.  75-78,  1903. 

Relates  to  synonymy  and  changes  in  nomenclature,  and  contains  the  later 
views  of  Dr.  Vaughan  (note  p.  76). 

*  Dr.  J.  E.  Duerden  has  shown  that  many  of  the  common  reef  corals,  includ- 
ing some  of  those  found  at  Bermuda,  remain  in  the  free-swimming  larval  condi- 
tion only  a  short  time, — sometimes  but  few  days.  This  adds  very  much  to  the 
difficulty  of  explaining  their  migration  across  wide  seas.  Possibly  some  corals 
may  have  drifted  long  distances  attached  to  drift-wood  or  other  floating  objects, 
but  it  is  rarely  that  they  are  found  attached  to  drift-wood.  I  have  seen  a 
branched  Oculina  diffusa^  over  6  inches  high,  taken  from  the  bottom  of  a  vessel 
at  Bermuda,  after  a  cruise  in  the  West  Indies.  It  is  even  possible  that  some  of 
the  common  Bermuda  corals  were  accidentally  introduced  into  Bermuda  waters 
by  the  vessels  of  the  early  settlers.  Unfortunately  the  early  writers  on  Ber- 
muda do  not  mention  the  existence  of  corals  on  the  reefs. 
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At  present  I  am  able  to  recognize  only  22  Bermuda  species  of 
true  corals  (exclusive  of  the  deep-water  forms,  of  which  several  are 
known.)*     They  belong  to  10  genera,  as  now  classified. 

Quelch,  in  his  report  (Voyage  Challenger,  ,xvi),  gave  a  longer 
list,  for  he  described,  as  distinct  species,  many  trivial  variations  of 
Mussa  (as  Isophyllia)^  Mmandra^  JFavia,  and  Oculina,  But  seven 
of  the  genuine  species  here  described  were  not  known  to  him,  so 
that  he  really  had  but  15  genuine  species.  Doubtless  others  will 
yet  be  found  on  the  extensive  south-western  reefs,  which  have  been 
as  yet  very  little  explored  by  zoologists. 

Some  of  the  common  Florida  and  West  Indian  speciesf  that  are 
lacking  on  the  reefs  here,  so  far  as  known,  are  as  follows  : 

Mussa  angulosa.  Phyllangia  Americana, 

Mceandra  ciivosa.  Solenastrcpa  hyades. 

Mcsandra  (Manicina)  areolata.  Acropora  muricata. 

Dendrogyra  cylindrus.  Var.  cervicornis. 

Colpophyllia  gyrosa,  "   prolifera, 

Meandrina  meandrites.  "    palmata. 

Dic/iocoenia  Stokesi.  Porites  f  areata, 

Eusmilia  aspera,  Agaricia  agaricites. 

Cladocora  arbuscula. 

On  the  other  hand,  certain  genera  and  species  seem  to  be  more 
abundant  and  luxuriant  here  than  anywhere  in  the  West  Indies. 
This  is  especially  the  case  with  the  genus  Oculina,  with  its  several 
species,  and  with  the  genus  Mussa  of  the  IsophyUia  type,  of  which 
there  are  here  five  species  and  numerous  varieties.  Agaricia /ragilis, 
so  common  here,  is  comparatively  rare  elsewhere. 

It  is  doubtful  if  any  of  the  species  are  really  restricted  to  Ber- 
muda, though  a  few  of  the  recently  described  species  have  not  yet 
been  recognized  from  other  localities. 

The  most  conspicuous,  largest,  and  also  one  of  the  most  common 

of    the  true  reef  corals  is    the  brain-coral  (Mceandra  labyrinthi- 

formis,  figs.  71-7lc),  but  on  the  outer  reef  the  massive  Porites  (P. 

astreoides,  pi.  xxix,  1),  is  quite  as*  abundant,  while  in  some  places 

the  common  star-coral  (Siderastrcea  radians,  pi.  xxix,  2)  is  more 


*For  a  list  of  these,  see  Trans.  Conn.  Acad.,  xi,  p.  182;  and  Zoology  of 
Bermuda,  i,  article  12,  p.  182. 

f  For  detailed  descriptions,  synonymy,  and  nnmerons  figures  of  most  of  the 
Bermnda  and  Florida  corals,  see  my  articles  in  these  Trans.,  vol.  zi,  pp.  69-206, 
plates  z-xxxv,  1901 ;  and  The  Zoology  of  Bermnda,  articles  11,  12,  same  plates. 
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abundant  than  any  other  coral.  The  hydroid  coral  {Millepora  alci- 
cornis,  pi.  xxxa)  is,  perhaps,  more  generally  diffused  and  more 
abundant  than  any  of  the  others,  for  it  lives  under  a  great  variety 
of  conditions  and  seems  to  grow  very  rapidly.  The  "rose-corals" 
{Mussa  fragilis,  and  other  species  of  that  genus,  figs.  76-84)  are 
also  verj*^  common,  both  on  the  reefs  and  close  to  the  shores,  and 
are  notable  on  account  of  the  large  size  and  bright  colors  of  their 
living  polyps.  The  branching  Ocnlinas  are  chiefly  found  in  shel- 
tered places  and  at  some  depth ;  also  in  the  sounds,  especially  in 
Harrington  Sound. 

The  green,  olive,  yellow,  and  yellowish  brown  colors,  so  prevalent 
in  the  colors  of  the  reef  corals  and  actinians,  are  in  most  cases 
chiefly  due  to  the  presence  of  unicellular  algoid  plants  {ZoOxafftheilce) 
living  as  parasites  or  symbiotically  in  the  tissues  of  the  polyps, 
chiefly  in  the  cells  of  the  endoderm.  These  plants  give  out  oxygen, 
when  exposed  to  sunlight,  which  may  be  utilized  by  the  tissues  of 
the  coral  and  thus  serve  as  a  sort  of  respiration  for  them.  Corals 
well  supplied  with  such  oxygen-producing  plants  can  live  a  long 
time  in  aquaria  without  change  of  water,  if  exposed  to  sunlight  part 
of  the  time. 

The  varying  colors  depend  partly  upon  the  relative  abundance  of 
the  ZoOxanthellm  and  partly  upon  the  colors  of  the  latter,  for  there 
seem  to  be  several  kinds,  with  different  tints. 

MsBandra  labyxinthiformis  (Linn.)  Oken.    Brain  Coral.    Figs.  71-71e. 

Diploria  cerebriformis  Edw.  and  Haime,  and  of  many  later  writers. 
Mceandra  labyrinthiformis  Verrill,  these  Trans.,  xi,  pp.  70-78.     PI.   x,  flgs. 
1-8;  pi.  xii,  fig.  5,  1901. 

This  species,  when  living,  is  usually  lemon-yellow  or  orange- 
yellow  in  color.  When  it  grows  under  favorable  conditions,  with 
plenty  of  room,  it  forms  large  hemispherical  or  dome-shaped  masses, 
sometimes  5  to  8  feet  or  more  in  diameter.  Such  specimens  must  be 
several  hundreds  of  years  old,*  for  colonies  of  this  and  related 
species,  of  known  age,  in  the  Yale  Museum  and  elsewhere,  which 
were  measured  from  time  to  time  while  living,  grew  about  i  to  ^^ 
of  an  inch  annually,  in  the  warmer  waters  of  Key  West  and  the 

Tortugq^t 

But  such  large  examples  are  seldom  perfectly  regular,  owing  to 

various  injuries  received  from  storms,  etc.     Those  that  are  1  to  2 


*  See  above,  p.  149,  note.' 

t  See  also  Dana,  Corals  and  Coral  Islands,  ed.  8,  pp.  258,  418. 
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feet  in  diameter  are  often  remarkably  aymmelrical.  Wlien  growing 
near  together  two  maoBeB  often  eome  in  contact  by  mutual  growth 
and  then  they  will  often  completely  unite  together  by  a  grafting 
proceeB,  leaving  only  a  thin  line  of*epith('ca  to  indicate  the  place  of 
union.*  I  have  one  large  and  nearly  Rymmetrical  specimen  conaiating 
of  three  masses  perfectly  united  together.  When  large  numbers  of 
the  young  start  close  together  they  may  so  unite  that  they  form 
broad,  irregular,  crust-like  growtha,  several  feet  across  and  only  2  to 
■j  inches  thick.     When  it  starts  near  low-water  mark  it  cannot  grow 


Fignre  71. — Mieandra  labyrinthiforinii.     Common  Brain  Coral.     Young  colony, 
somewhat  reduced.     Phot.  A.  H.  V. 

upward  to  any  great  extent,  aa  it  is  killed  by  a  brief  exposure  to  air 
and  sunshine,  and  therefore  it  spreads  out  in  flattened,  cake-like 
forms,  often  dead  in  the  center. 

*  This  property  is  not  confined  to  this  coral,  bnt  is  common  to  all  the  species 
of  Maandra,  Fatia,  Mttiaa,  Agnricia,  Siileraglraa,  and  doabtleaa  to  most  other 
compoond  reef  corals.  I  have  pereoually  observed  it  in  nnmeroTiB  genera  and 
species.  Mr.  Ihierden  baa  recently  made  some  very  interesting  obiwrvations  on 
the  complete  growing  together,  in  the  same  way,  of  the  recently  attached  and 
very  yonog  individnala  of  some  at  these  corals.  cBpecially  of  Siileraslr/:a.  In 
SDch  cases  no  evidence  of  sncb  nnion  can  be  detected  in  later  stugeH.  Amer. 
Naturalist,  ixivj,  1903;  also  Uem.  Nat.  Acad.,  viii,  pp.  49S,  S23  ;  and  Carnegie 
Inst.  Pnbl.  No.  30,  pp.  S9,  «6,  1004. 
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It  varies  greatly  in  the  form  and  breadth  of  the  ridges  between 
the  grooves.  Young  Rpecimens,  2  to  4  inches  thick,  often  have  very 
wide  and  double  ridgee  (var,  Stokeali,  tig.  71a);  later  on,  the  wide 


Figure  71a.~W.  labyi-inlhiformis  var.  StokesU,  slightly  enlarged:  a,  b,  c,  d,  placeB 

where  bnds  were  about  to  develop. 
Figure  Tib. — M.   labffrinOiiformii,   partiallj  expanded  polype,  enlarged  ;  phot. 

from  colored  drawing. 

ridges  divide  and  new  grooves  grow  in  between  them.  The  wide 
ridges  may  also  appear  in  larger  i^pecimens,  eitber  over  the  whole 
coral  or  in  some  particular  places.* 


Figure  71c. — M.  labyriiithlformis,  a  calicle  at  the  end  of  a  aeiies,  with  a 
nearly  contracted  polyp,  and  a  diagrammatic  eectional  view  of  the  coral,  to 
show  the  relation  of  parte.     Drawn  by  the  author  from  the  living  coral. 

In  full  expansion  tlie  disks  of  the  polyps  rise  up  to  or  somewhat 
above  the  level  of  the  summits  of  the  collines,  so  that  the  bounding 
furrows  may  be  seen  above  their  walls  while  the  disks  become  much 
wider  than  in  their  partly  contracted  condition,  so  as  to  occupy 

'For  a  fuller  account  and  illuBtrations  of  these  Tariatious,  see  these  Trans., 
vol.  xi,  pp.  70-73,  pi.  X,  £gs.  1-S  ;  and  Zoology  of  Bermndn,  article  11,  same 
pUle. 
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nearly  the  whole  breadth  of  the  valleys,  and  the  tissues  become  much 
more  transhicent.  In  contraction  the  column-walls  of  the  polyps 
fold  inward  and  downward  over  the  septa,  while  the  disk  contracts 
to  the  breadth  of  the  floor  of  the  valleys,  the  tentacles  having  their 
bases  over  the  groove  outside  the  paliform  lobes,  as  in  fig.  71c. 

The  tentacles  of  the  living  polyps  (fig.  71c)  are  not  very  long, 
rather  slender,  tapered,  knobbed  or  obtuse  at  tips,  alternately  larger 
and  smaller ;  the  outer  ones  are  the  smaller,  more  erect,  and  have 
whiter  tips.  Mouths  small,  oblong  or  elliptical,  with  a  whitish  bor- 
der. Disk  deep  yellow  with  faint  white  radiating  lines.  Coenen- 
chyma  and  polyp  columns  lemon-yellow  to  orange-yellow,  sometimes 
dark  ocher-yellow.  In  partial  or  complete  contraction  the  septa  and 
costse  show  through  as  whitish  radial  lines. 

It  is  common  on  the  inner  as  well  as  on  the  outer  reefs.  On  the 
reefs  in  Castle  Harbor  it  is  abundant,  but  seldom  grows  to  great  size 
there.  It  apparently  does  not  occur  in  Harrington  Sound.  It  is 
also  common  on  the  Florida  reefs  and  keys,  and  throughout  the 
West  Indies. 

Heoandra  cerebrum  (Ellis  and  Sol.).  Brain  Coral.  Figs.  7^726 ;  78,  7da  (6-9). 

Mcuirepora  cerebrum  Ellis  and  Solander,  Hist.  Zooph.,  p.  168,  1786. 
Moeandrina  sinuosa  Verrill,  Bull.  Mns.  Comp.  Zool.,  i,  p.  49,  1864  (non  Mean- 

drina  sinuosa  Les.,  Mem.  Mas.  Hist.  Nat.,  vi,  p.  278,  pi.  zv,  figs.  4-9, 1820 ; 

with  varieties  vindiSf  rubra,  vineola,  limosa,  appressa,  most  of  which  evi- 
dently belong  to  clivosa. 
Mceandrina  labyrinthiea,  M.  labyrinthiformis,  and  M.  sinuosissima  of  many 

writers. 
Mceandra  cerebrum  Verrill,  these  Trans.,  xi,  p.  74,  plate  x,  fig.  4 ;  pi.  xii,  fig. 

4 ;  pi.  xiy,  figs.  4,  5 ;  pi.  xix,  fig.  7. 
Masandrina  strigosa  Dana.  Ponrtalte,  Florida  Reef  Corals,  p.  74;  in  L.  Agassiz, 

Florida  Reefs,  pi.  ix,  figs.  6-9,  1880. 
Platygyra  tn'rtdts  Vanghan,  op.  cit.,  p.  806,  plates  ix-xiii,  1901  {non  Lesnenr). 
Mofandrina  labyrinthiea  Daerden,  Mem.  Nat.  Acad.  Science,  viii,  pis.  xx-xxii, 

figs.  138-147,  anatomy  and  histology,  1902. 

This  closely  resembles  the  preceding  in  form  and  modes  of  growth 
and  may  become  equally  large  and  hemispherical,  but  the  collines 
between  the  grooves  are  always  narrow  and  not  double.  Its  color  in 
life  is  variable, — often  pale  ocher-yellow,  sometimes  dull  brownish 
yellow,  but  so  far  as  I  observed  it  does  not  assume  the  bright  orange- 
yellow  color  of  the  preceding  species,  nor  have  I  seen  it  green, 
though  Duerden  reports  specimens  with  green  colors,  due  to  an 
abundance  of  Zooxanthellae  in  the  endoderm. 


214  A.  E.  Verrili—7%e  Sermuda  Jglandt;  Coral  Mee/t. 

The  disk  and  tentacleB  are  ueually  dark  yellowish  or  greeniib 
brown.  In  contraction  the  inembraHe  of  the  disk  becomee  rough  or 
wrinkled  in  radial  lioee,  an  in  the  other  species  of  the  genuB. 

When  fully  expanded  the  polyps  rise  a  little  above  the  crests  of 
the  collines  and  the  disks  expand  to  the  width  of  the  upper  part  of 
the  calicinal  valleys  ;  the  adjacent  column  walls  then  become  nearly 
vertical,  leaving  only  narrow  grooves  between  them,  over  the  crests 
of  the  collines.    The  tenlacles  form  two  cycles,  the  inner  once  a 

73  72o 


Figure  'i2.  —  M(Kiindra  rrrrbrum,  vsr.  sfnuoM.    Brain  Coral.    Portion  of  a  young 

uolony,  about  natural  size. 
Figure  72a. — The  annie.    Portion  near  the  margin  of  the  Bane  apeoimen,  enlai^ed 
about  11.     Both  phot,  by  A.  H.  Verrill. 

little  larger;  they  are  small,  rather  short,  obtuse  or  slightly  knobbed 
and  whitish  at  the  tip.  In  contraction  the  disk  sinks  to  the  bottom 
of  the  valleys  and  the  column  walls  cover  the  septa,  becoming 
uneven  over  their  teeth.  The  tentacles  can  be  introverted  in  full 
contraction. 

It  is  much  less  common  than  the  last  and  ix  rarely  fonnd  except 
on  or  near  the  outer  reefs.  It  seldom  grows  close  to  the  surface, 
but  is  more  freqnent  in  6  to  20  feet  of  water. 

It  is  a  common  West  Indian  and  Florida  coral,  and  often  grows  to 
great  sine  there. 
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The  common  form  of  this  gpecies  (figs.  T2,  72a)  in  which  the 
collines  are  of  moderate  height  and  appear  rounded,  owing  largely 
to  the  principal  septa  heing  wide  and  pretty  regularly  rounded 
toward  the  summit,  with  nearly  even  denticulations,  may  he  regarded 
as  the  typical  variety. 

The  most  marked  variation  from  the  typical  form  is  that  in  which 
the  coiiines  appear  sharper  or  narrower  at  the  crests,  or  have  a  gothic 
form,  due  mainly  to  the  narrowed  upper  portion  of  the  septa,  but  in 
part  to  the  greater  height  o{  the  collines  and  thinness  of  the  walls. 


Fignie  73.— Jtfoandra  Mn*rum,  tbt,  atrigota.     Part  of  s  large  Bpeoimen,  }j  att. 
size.     Phot.  A.  H.  V. 

This  is  the  form  figured  under  the  name  of  labyrtnthica  by  Ellis  and 
Solander,  1687,  and  which  has  generally  been  known  by  that  name 
in  later  works.  It  was  admirably  illustrated  in  the  plates  of  Prof. 
L.  Agassiz  (see  our  fig.  73),  under  the  name  of  M.  strigota,  applied 
to  it  by  Pourtal6»,  who  considered  it  a  distinct  species.* 

It  seems  desirable  to  retain  a  special  varietal  name  to  designate 
this  form,  and  none  seems  so  available  as  atrigota,  which  seems  to 
be  the  earliest,  except  labyrinthica,  which  cannot  be  used,  because 
it  was  originally  applied  to  another  species  (ineandritet  Linn.). 

•  My  own  deBOriptlon  of  M.  cerebrun  lu  a  former  article  (these  Trans.,  toI. 
zi,  pp.  74^76,  was  based  more  largely  od  this  variety  thau  on  the  variety  now 
taken  as  the  type  form  (rar.  cerebi'um),  bat  the  figures  there  given  mostly  per- 
tain to  the  latter.     Intermediat«  forms  often  ocoar. 
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Variety  strigOMi  Dana.     Figni'eH  78,  T3a,  6-9. 
iladrepora  labyrinihiea  EUie  aad  Sol.,  p.  160,  pi.  48,  flgF.  3,  4,  1787  (mm 

Pallas. 
Maandrina  labyrinihiea  Lami.,  EipoB.  Meth.,  p.  fl4,  pi.  xlvi,  &ga.  S,  4,  and 

of  man;  later  miters. 
Meeandrina  alrigoea  Dana,  Zooph.  Elzpl.  Eiped.,  p.  2S7.  pi.  xiv,  flg.  4a,  1846. 
'    Ponrtalbs,  iu  L.  Agaaaiz,  Florida  Beefs,  pt.  ix,  flga.  6-9,  1880,  (fi^ree  Tepro- 

daced  here). 
Platygyra  viridig  Vaoghan,  Stony  Corals,   Porto  Rico,  BOfl,  pi.  ix-xiii,  1902 

(non  Lesnenr). 
Mreandra  crrtbrum  {pan)  Verriil,  these  TrauB.,  si,  p.  74,  1901,  (where  detailed 

synonymy  ie  given). 

This  common  variety,  as  seen  io  coliectioDB,  usually  forms  large 
evenly  rounded  bemispherea,  often  of  large  size  and  generally  hav- 
ing the  colllnea  and  calicleB  long  and  very  sinuous  or  convoluted, 


Fignre  TSa.—Maandra  crrebrvm  var.  atripoga  (Dana) ;  6,  7,  callcles  and  colUnes 
somewhat  enlarged  ;  8,  perspective  view  of  septa  and  paliform  lobea,  more 
enlarged ;  9,  section  of  colllne  and  profiles  of  septa ;  2,  M.  cUvosa,  collines 
slightly  enlaiged  ;  4,  the  same,  section  of  colllne  and  profiles  of  septa  more 

enlarged.    After  L.  Agssaii. 
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but  sometimes  long  and  parallel  in  some  parts.  In  nature,  however, 
it  occurs  of  varione  irregular  forms,  often  merely  forming  thick  crusts 
when  young,  as  in  other  related  forms.  When  well  grown  it  usually 
can  be  readily  distinguished  by  the  open  or  cellular  appearing,  rather 
deep  and  wide  calicinal  grooves,  which  have  sloping  sides  and  are 


*\ 


Figure  74. — lieeandrina  tinttota  LMuenr,  showing   his   TsrietieB ;    a,   b,  rar. 

iitaota,  polypi  parti;   rettacted ;  c,  d,   var.   viridU ;  e,  proflle  of  oollines,  ' 

ealarged;  d,  pol;p  of  termJDal  calicle,  much  enlaTged,     Phott^raphed  from 

Leanenr's  ^nres. 
Figure  74a.  —The  iaa« ;  a,  var.  rubra ;   b,  var.  vintola,  both  macb  enlarged. 

Photographed  from  Lesnenr'e  ^pireB. 
Fignre  7ib. — Mieandra  rlivoaa,   terminal  part  of   a  calicinal   valley  with   the 

polfpa  partially  expanded,  mach  enlarged.    Photographed  from  L.  Agaseiz. 

therefore  wider  above,  and  by  the  gothic  form  of  the  larger  septa 
and  rather  narrow  acute  collines,  with  thin,  simple  walls.  The  full 
grown  calicinal  grooves  are  usually  8  to  lO""  deep,  and  9  to  1 3""° 
wide,  from  crest  to  crest  of  the  collines. 

The  principal   septa   are  thin    at   base   with  a  distinct,  roughly 
spinnloae  paliform  lobe;  they  decrease  in  width  distally,  either  regu- 
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Jarly  or  in  a  gothic  form,  and  are  quite  narrow  at  the  apex,  which 
projects  a  little  above  the  wall  and  bears  a  few  rough  denticles;  the 
inner  edge  is  covered  with  rather  irregular,  rough,  often  spinulose 
or  lacerate  divergent  or  ascending  denticles;  their  sides  are  sharply 
and  roughly  granulose  or  spinulose.  Very  narrow  and  thin  secon- 
dary septa,  disappearing  below,  usually  alternate  with  the  larger 
ones,  but  are  often  absent,  which  results  in  wide,  open  interseptal 
spaces.  When  they  are  present  there  are  about  22  to  24  septa  to  a 
centimeter.  Those  on  opposite  sides  of  the  col  lines  usually  alternate, 
and  the  thin  crest  of  the  wall  is  often  a  little  zigzag.  The  wall 
becomes  thicker  below  and  solid. 

Dr.  Vaughan  gave  some  excellent  photographic  illustrations  of 
this  variety,  some  of  which  are  considerably  enlarged  (op.  cit.,  1902, 
pis.  ix-xiii),  but  the  name  virtdisy  used  by  him,  did  not  originally 
apply  to  this  form,  for  it  was  given  to  a  color  variety  of  M,  sinuosa 
Les.  (see  our  iig.  74,  c,  J,  copied  from  Lesucur),  which  is  a  very 
different  coral,  with  much  lower  collines,  rounded  at  the  top,  and 
very  narrow  calicinal  grooves,  which,  according  to  Lesueur's  natural- 
size  figure,  made  to  show  their  arrangement  (his  pi.  15,  fig.  5a) 
measure  only  4  to  5""*  from  crest  to  crest  of  the  walls  and  4.5  to  5™" 
from  the  polyp  mouths  of  one  series  to  those  in  the  next.  These 
dimensions  are  scarcely  half  as  large  as  in  the  coral  under  discussion 
here.  Indeed,  the  dimensions  given  and  the  low  collines,  as  figured 
by  Lesueur  in  his  profile  views,  not  only  of  the  var.  viridis,  but  of 
all  his  other  varieties  of  Jd.  smuosa,  can  scarcely  apply  to  any  West 
Indian  species  except  M.  clivosa.*  That  is  the  only  msBandriniform 
coral  of  this  fauna  that  has  such  small  collines  and  narrow  grooves. 

*  After  a  careful  study  of  this  matter  I  believe  that  his  sinuosa  and  all  its 
color  varieties,  figured  by  Lesueur,  should  be  referred  to  M.  clivosa  (Ellis  and 
Sol.),  which  is  the  only  American  species  having  such  low  and  narrow  collines 
as  he  figures. 

Moreover,  the  figures  of  the  polyps  which  he  gives,  and  which  I  have  repro* 
duced  here,  of  four  of  his  varieties,  agree  best  with  those  of  M.  cHvosa,  as 
figured  by  L.  Agassiz  (see  our  fig.  746).  M.  clivosa  is  also  one  of  the  most  abun- 
dant species  at  St.  Thomas,  in  shallow  water,  where  Lesueur  obtained  his  speci- 
mens, gathering  them  by  hand,  as  he  stated,  while  wading  on  the  reefs  and 
without  any  special  appliances.  In  fact,  it  would  be  far  more  likely  to  be 
obtained  in  that  way  than  either  of  the  other  species,  which  are  more  massive 
and  grow  in  deeper  water.  Moreover,  so  far  as  known  to  me,  M,  clivosa  is  the 
only  species  which  has  such  various  and  bright  colors  as  Lesueur  described. 
His  varieties  are  described  as  scarcely  differing  at  all,  except  in  colors. 

At  any  rate,  there  can  be  no  direct  relation  between  var.  viridis  and  our  var. 
strigosa  of  M.  cerebrum j  for  they  stand  almost  at  the  opposite  extremes  of  the 
various  forms  of  the  mseandriniform  corals  of  this  region. 
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I  have  reproduced  here  some  of  the  figures  of  M.  cliuosa,  given 
by  L.  AgSEsiz  (fig.  ^3a  (2,  4)  and  fig.  74A),  for  easy  comparison  with 
those  given  by  Lesueur  in  1820.  The  differences  in  the  polyps  are 
no  more  than  constantly  occur,  due  to  different  degrees  and  modeB 
of  contraction  of  the  polyps  and  the  individual  variations  in  the 
colonies.  Lesueur  said  nothing  about  the  general  form  of  bis  sin- 
vosa,  but  though  Jtf.  clivoaa  beconiea  nodular  and  irregular  when 
large,  it  has  an  even  and  regular  surface  when  young.  Probably 
all  of  Lesueur's  hand-gathered  specimens  were  young  and  in  the 
crust-like  stage  of  growth,  when  they  can  be  easily  detached  and 
carried  ashore  alive. 

M.  clivoaa  has  not  yet  been  found  at  Bermuda,  though  it  might 
well  be  expected  to  occur  on  the  outer  reefs,  for  it  is  very  common 
on  the  Florida  and  Bahama  reefs. 

Favia  frogiun  (Esper)  Edw.  and  H&ime.     Sta-r  Coral.     Figure  75. 
Ailrcta  (or  Favia]  ananas  anAeoarctata  of  many  modem  writers. 
Fatia  fragum  Vaughan,  op.   cit.,  p.  808,  pi.  viii,  6gB.  1,  2,   1902.     Verrill, 
tbem  Trans.,  xi.  pp.  90,  ITl,  pi.  xlii,  figs.  1,  2,  1901.     Pnerdeu,  Mem.  Nat. 
Acad.  Sci.,  viii,  p.  569,  pis.  xiii-iv,  ^.  83-116,  aniitomy,  histology,  and 
larvn,  1902. 
This  forma  small  rounded  or  heniispbxrical  masses,  seldom  more 
than   2  ur  3  inches  across,  usually  solidly  attached.     It  is  generally 


Fignre  '72b. — !U<randra  eerebrKtn,  typical  variety,  eection  of  collineH  showing 

forms  of  septa  and  denticles,  x  about  3. 
Fignre  75.— Fncia  fragum.     Part  of   the   upper   surface   of  a   specimen   with 

crowded  calicles  (vor,  coarctata),  about  natural  size.     Both  phot,  by  A.  H.V. 

pale  yellowish  or  greenish  yellow,  sometimes  dark  yellowish  brown, 
or  tinged  with  green,  often  with   white  specks,  especially  on  the 
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tentacles  while  living.     It  can  live  close  to  the  surface  and  is  often 

4 

found  in  tide-pools  of  the  shore  ledges,  as  well  as  on  the  reefs. 
The  star-like  calicles  are  a  little  elevated,  usually  elliptical  or  oval, 
seldom  circular,  and  quite  variable  in  size,  though  usually  not  more 
than  .25  to  .30  inch  in  the  longer  diameter. 

In  expansion  the  polyps  rise  up  somewhat  above  the  rims  of  the 
calicles.  The  tentacles  vary  in  number  from  about  30  to  50  or  more, 
and  form  two  or  more  crowded  circles,  the  inner  a  little  the  larger  ; 
in  full  extension  they  are  slender  with  a  rounded  or  knobbed  whitish 
tip,  but  more  often  they  are  short,  tapered,  and  blunt.  The  disk,  in 
contraction,  is  rugose  in  radial  lines,  and  may  fold  inward  so  as  to 
entirely  conceal  the  tentacles.  Often  there  are  two  or  more  mouths 
on  one  disk,  due  to  incipient  fission.  The  disk  is  often  convex  and 
the  mouth  elevated  in  full  expansion. 

Dr.  Duerden  (1902)  has  described  and  figured  a  series  of  the 
larvae,  both  before  and  after  attachment.  According  to  his  observa- 
tions the  polyps  are  hermaphrodite  and  Viviparous.  The  larvse  fix 
themselves  within  a  few  days  after  extrusion. 

It  is  not  very  abundant  at  Bermuda.  Common  on  the  Florida 
Keys  and  throughout  the  West  Indies. 

Muma  (Isophyllia)  fragilia  (Dana)  Ver.    Rose  Coral.    Figs.  76,  77.  78.    Plate 
XXX,  fig.  1,  t,  i ;  pi.  xxi,  fig.  1.  • 

Isophyllia  or  Syniphyllia  fragilis  of  many  writers. 

Isophyllia  dipsacea  Pourtal^s,  in  L.  Agassiz,  Florida  Reefs,  pi.  vii,  figs.  1-7. 
1880  (non  Dana). 

Isophyllia  fragilis  Yerrill,  these  Trans.,  xi,  p.  121 ;  plate  xvi,  figs.  1,  2;  pi. 
xvii,  figs.  1-7;  pi.  >viii,  figs.  1,  6;  pi.  xix,  figs.  1,  5,  1901. 

Mussa  fragilis  Dana;  Verrill,  op.  cit.,  p.  180,  1901. 

Symphyllia  anemone,  S.  conferta^  S,  strigosa,  S.  Agios,  S,  thomasiana,  S, 
aspera^  yar.,  Dnch.  and  Mich.,  Coral.  Antilles,  pp.  69-74, 1860.  (Identifica- 
tions by  photographs  of  original  types  in  Mus.  Tnrin  made  for  Dr.  T.  W. 
Vanghan.) 

f  Lithophyllia  argemone  Duch.  and  Mich.,  op.  cit.,  p.  68,  pi.  x,  fig.  15,  1860. 
(Yonng.) 

fLithophyllia  cubensis  {non  Haime)  and  L.  lacera  (non  Pallas)  Qnelch,  op.  cit., 
1886.     (Yonng.) 

Isophyllia  sirigosa,  1.  fragilis j  I.  australisy  (Jnelch,  op.  cit.,  pp.  82-84,  1886. 

This  handsome  coral  is  very  common  at  Bermuda,  both  on  the 
reefs  and  close  to  the  shores,  where  it  may  be  attached  to  scattered 
rocks  and  ledges,  even  in  very  shallow  water.  It  is  also  abundant 
in  Harrington  Sound.  It  lives  best  where  exposed  to  strong  light, 
in  open  waters. 
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When  living,  and  with  tbe  polyps  fully  expanded,  it  is  a  beautifnl 
object,  for  its  colore  are  often  brilliant  and  remarkably  variegated. 


Fi^pire  76. — Mvsaa  fragilia  Dsna.     Commoii  Rose  Coral.     Original  tjp«  of  Dana, 
nat.  size.    Phot,  by  A.  H.  Verrill. 

One  of  the  most  common  shallov  water  varieties  bad  tbe  disk 
translucent  lavender-gray,  tinged  in  places  with  erne  raid -green,  and 
fiecked  with  nncqual  fiake-white  specks,  most  of  which  are  in  radial 
lines.    Tentacles  are  often  swollen  at  base  and  obtuse  at  tips,  usually 


I  the  aimple  jonng  or  Lf(Aopfij/Hia -stage .      x  1}. 

translucent  gray,  with  a  large  patch  of  flake-white  on  tbe  outer 

base,  sometimes  running  up  on  the  outer  side,  and  sometimes  another 

on  the  inner  base;  or  the  whole  surface  may  be  flecked  with  white; 

Tbanb.  Conn.  Acad.,  Vol.  XII,  15  March,  1906. 
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lips  tranelucent  gray  with  white  lines.     CiEnenchyma  and  column 
translucent  olive-brown,  usually  tinged  with  emerald-green. 

Sometimes  emerald-green  is  the  prevailing  color,  varied  with  laven- 
der and  flake-white,  often  in  symmetrical  patterns  ;  in  other  speci- 
mens lavender  or  yellow  may  be  the  dominant  color,  scarcely  two 
being  alike.  Some  pale  yellow  and  almost  albino  specimens  were 
taken.  In  full  expansion  this  coral  and  the  allied  species  of 
Musaa  look  like  clusters  of  bright  colored  sea-aneroones,  for  the 
soft  upper  body  can  rise  half  an  inch  or  more  above  the  coral  and 


FlgOM   78.— JVurao  fragitis,  a  calicle  with  a   polj^  parti;  expanded,  elightl; 

enlarged.     Sketched  front  life  b;  the  author. 
F^ure  78(1. — The  same,  one  of  the  isolated  polyps  tuiiy  expanded,  aboDt  nat. 

rise,  with  a  diagrammatio  section  of  the  coral  to  ehow  the  relations  of 

the  parts  ;  e,  epithece  ;  c,  costte  i  en,  endotheca  ;  o,  colnmella  ;  >,  a,  septa ; 

to,  wall.     Drawn  from  life  by  the  anthor. 

expand  a  fine  wreath  of  large  tapering  tentacles,  4S  or  more  in 
number,  often  entirely  concealing  the  coral  beneath  the  fleshy  mem- 
branes. (Fig.  78a.)  When  it  contracts  the  soft  upper-bodies,  disk, 
and  tentacles  sink  down  into  the  calicles,  below  the  bounding  rims, 
and  in  full  contraction  the  tentacles  are  withdrawn  out  of  sight, 
though  often  visible  in  partial  expansion.  (Plate  xxzi,  fig.  1.)  At 
such  times  the  fleshy  column  walls,  which  cover  the  ridges  and  outer 
■  parts  of  the  coral,  are  curiously  wrinkled  and  verrucose  over  the 
denticles,  and  in  that  state  the  form  of  the  coral  can  usually  be  seen 
through  the  translucent  tissues. 

Ordinary  specimens  are  3  to  4  inches  in  diameter,  but  in  favorable 
localities  it  often  forms  hemispherical  masses  6  inches  or  more  in 
diameter  and  4  to  5  inches  thick. 
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TouDg  specimens  of  this  and  the  other  species  of  Muasa  are 
simple,  circular,  cup-shaped  corals,  usually  up  to  half  an  inch  or  more 
in  diameter  (fig.  77),  and  have  been  described  by  many  writers*  as 
distinct  species  of  another  genus  {Lithophyllia  or  Scolymia).  But 
all  stages  of  transition  between  these  simple  forms  and  the  complex 
calicles  of  the  adults  can  easily  be  found  at  Bermuda  f 

It  is  very  variable  in  general  form  and  in  the  size  and  form  of 
the  calicles  and  the  intervening  ridges,  which  may  be  simple  or 
double,  and  in  the  form  and  breadth  of  the  septa.  The  denticles  of 
the  larger  septa  are  nearly  always  numerous  and  slender,  often  look- 
ing like  sharp  lacerations  of  the  thin  septa,  but  they  vary  consider- 
ably in  form  and  number. 

Duchassaing  and  Michelotti  made  several  species  out  of  ordinary 
variations  of  this  one,  and  Quelch  followed  them  in  this  respect,  but 
as  their  species  could  not  be  identified  by  their  brief  and  imperfect 
descriptions,  his  names  were  often  erroneously  applied.  To  Dr. 
Yaughan  I  am  greatly  indebted  for  an  excellent  series  of  photo- 
graphs made  for  him  from  their  original  types,  which  are  still  pre- 
served in  the  Museum  of  Tnrin.J 

Their  SymphyUia  conferta  and  S»  anemone  agree  very  closely 
with  Dana's  type  of  frag  ills.  Their  type  of  thomasiana  is  nearly  a 
typical  /ragilis,  but  many  of  the  calicles  had  been  badly  injured 
before  death.  The  types  of  <S.  cylindrica  and  S,  guadalupeusis  are, 
without  doubt,  abnormal  or  diseased  specimens  of  the  same  species  or 
of  M.  dipsacea.  In  these  the  septa  and  their  denticles  have  become 
unnaturally  thickened  by  pathological  deposits  of  calcium  carbonate 
in  nearly  all  the  calicles.  But  some  of  the  younger  marginal  cali- 
cles, which  remain  partially  or  wholly  normal,  show  the  ordinary 
characters  of  dipsacea  rather  than  of  f ragilis. 

Their  S,  verrucosa  is  the  same  as  their  guadalupensis.  In  the  type 


*  Qneloh,  Voy.  Challenger,  xvi,  has  recorded  Lithophyllia  cubensia  and  L. 
laeera  from  Bermuda ;  both  are  young  of  Mussa. 

f  See  these  Trans.,  zi,  plates  xvi-ziXi  1901. 

X  Dr.  T.  Wayland  Vanghan,  when  in  Turin  in  1897,  was  kindly  permitted  by 
Prof.  Camerano  to  study  the  types  of  the  species  of  Symphyllice  described  by 
Duchassaing  and  Michelotti.  Count  M.  G.  Peracca,  who  has  charge  of  the 
Herpetological  Collections  at  the  Turin  Museum  of  Natural  History,  very  cour- 
teously made  a  series  of  photographic  negatives,  illustrating  each  one  of  the 
species  whose  type  had  been  preserved.  The  United  States  Geological  Survey 
had  a  number  of  duplicate  prints  made  and  these  were  distributed  by  Dr. 
Vaughan  to  various  museums.  Dr.  Yaughan  has  given  me  permission  to  use 
them  in  making  the  revisions  of  the  species  described  in  this  paper. 
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of  guadalupensis  the  unnatural  thickening  is  so  great  that  many  of 
the  denticles  have  become  thick  obtuse  cones  or  tubercles,  often  in 
contact,  while  the  septa  are  so  thick  that  they  are  often  in  contact 
at  the  wall.     Similar  diseased  specimens  are  common  in  Bermuda. 

Var.  strigosa.  The  photographs  of  the  two  types  of  their  JS. 
strigosa,  one  of  which  is  the  same  that  they  figured  (pi.  z,  fig.  16, 
but  their  figure  is  reversed,)  and  their  type  of  S.  Agk^  are  all  much 
alike  in  details,  and  in  essential  characters  agree  with  those  Bermuda 
specimens  oifragilis  in  which  the  calicles  become  crowded,  especially 
when  they  become  older  than  usual.  In  this  state,  or  variety,  the 
calicles  become  rather  smaller  than  usual,  and  many  are  circum- 
scribed ;  the  intervening  ridges  are  rather  high  and  mostly  simple, 
and  the  calicles  rather  deep  and  abrupt,  owing  to  the  septa  being 
wider  distally.  Their  teeth  are  slender,  acute,  numerous,  usually  10 
to  12,  and  the  distal  ones  are  mostly  wider,  especially  on  the  sum- 
mits of  the  exsert  septa.  The  name  is  retained  as  a  varietal  term, 
simply  for  convenience  in  designating  a  form  or  condition  due  to 
age  or  <jonditions. of  growth. 

The  figures  on  pi.  vii,  figs.  1-7,  of  L.  Agassiz,  Florida  Reefs, 
referred  to  I,  dipsacea  by  Pourtal^s,  agree  better  with  this  variety 
of  fragilis  than  with  dipsacea. 

Var.  asperula  no  v.  (the  name  of  the  type,  aspera  D.  and  M.,  was 
preoccupied  in  Mussa  by  Edw.  and  Haime,  1857). 


*  The  type  of  8.  Aglce  is  a  large  specimen  with  numerous  crowded  calicles, 
many  of  which  are  nearly  oircumscribed  and  separated  by  narrow  and  usually 
simple  collines.  The  septa  are  thin,  not  very  wide,  rather  openly  arranged, 
with  slender  acnte  teeth,  as  in  fragilis.  The  longer,  sinuous,  calicinal  valleys 
of  the  type  are  sometimes  2  inches  or  more  in  length,  and  .40  to  .50  broad  ;  the 
hemispherical  mass  is  about  6  inches  wide  and  4  high.  The  specimen  is  very 
mnch  like  that  figured  on  our  plate  xvii,  fig.  5,  these  Trans.,  vol.  xi,  in  form, 
nnmber  and  character  of  calicles,  septa,  etc. 

The  type  of  S.  thomaaiana  is  very  similar  in  details,  but  the  calicles  are  larger 
and  more  flaring  (the  larger  ones  .80  to  1  inch  broad),  and  many  are  circum- 
scribed ;  the  ridges  are  very  narrow  and  simple  ;  septa  unequal,  very  thin  with 
wide  interspaces. 

The  type  of  S.  helianthus  is  abnormal,  for  many  of  the  calicles  had  been 
injured  or  killed  and  were  being  regenerated,  while  parasitic  barnacles,  serpul», 
algffi,  etc. ,  had  interfered  with  the  normal  development  of  many  calicles.  How- 
ever, a  few  are  nearly  normal  and  are  very  like  those  of  strigosa.  The  only 
notable  peculiarity  is  the  rather  unusual  breadth  of  many  of  the  larger  septa, 
which  are  apt  to  be  convex  about  mid-height ;  their  surfaces  are  sharply  granu- 
lose  ;  the  denticles  are  numerous,  slender,  irregular,  roughly  granulose  or  spinu- 
lose.  It  is  probably  an  abnormal  frtigilis,  of  the  var.  strigosa,  with  dwarfed 
calicles,  but  it  might  be  dipsacea. 


A.  -E  VerriU — The  Bermuda  Islands;  Coral  Reefs.  225 

The  type  of  their  8.  aspera  is  also  very  similar  to  many  specimens 
of  fragiliSy  and  in  many  respects  like  their  S.  AgUjB  and  S.  thorn-' 
asiana,     I  am  disposed  to  consider  it  a  variety  of  fragiliSy  for  con- 
venience. 

The  most  tangible  character  is  found  in  the  rough  septa,  which 
are  thin,  rather  narrow  at  the  summit,  and  openly  arranged,  so  that 
the  calicles  appear  rather  shallow  and  open,  with  narrow  and  usually 
simple  walls  between.  The  surfaces  of  the  septa  and  their  denticles 
are  thickly  covered  with  sharp,  rough  granules  or  spinules,  but  not 
much  more  so  than  in  some  specimens  of  true  fragilis.  The  denti- 
cles are  slender  and  rough,  usually  10  to  12,  the  upper  ones  some- 
what stouter  and  wider.  The  larger  calicles  are  .70  to  .80  of  an  inch 
(18-22'°")  broad  ;  mostly  in  long  series  in  the  type. 

The  I,  aspera  of  Quelch  is  different  and  appears  to  be  only  a 
slight  variation  of  dipsacea. 

MuBsa  (Isophyllia)  dipsacea  (Dana)  Ver.   Rose  Coral,  Cactus  Coral,   Fig^ores 
79,  80,  81. 

Isophyllia  or  Sytnphyllia  dipscu:ea  of  many  writers. 

Isophyllia  dipscu^a  Verrill,  1864 ;  these  Trans.,  zi,  p.  118,  plate  xviil,  figs.  2, 

5 ;  pi.  xix,  figs.  2,  8 ;  pi.  xx,  fig.  2,  1901.     Poortalte,  in  Agassiz,  Florida 

Reefs,  pi.  vii,  fig.  8  (section).     Dnerden,  Mem.  Nat.  Acad.  Science,  viii,  pp. 

574-576,  pis.  xvii,  xviii,  figs.  121-128,  1902,  (anatomy,  histology  and  larva). 
Mussa  dipsacea  Verrill,  op.  cit.,  p.  180,  1901. 
Symphyllia  knoxi  Dnch.  and  Mich.,  op.  cit.,  p.  71,  1860;  t  S,  cylindrica  and 

fS,  verrucosa  D.  and  M.,  loc.  cit.,  pp.  71,  72, 1860.     (Both  ahnormal.) 
Isophyllia  knoxi y  L  dipsacea^  I.  cylindrica^  I,  aspera  {non  D.  and  M.),  Qnelch, 

Voyage  Challenger,  Zool.,  vol.  xvi,  pp.  84-87,  1886. 

This  species  closely  resembles  the  last  in  colors,  form,  and  general 
appearance,  as  well  as  in  it49  habits  of  growth  and  localities,  for  they 
are  often  found  together. 

The  calicles  are  often  complex  and  large,  up  to  1  to  1.5  inches, 
broad  and  frequently  quite  shallow.  They  are  often  circumscribed, 
partly  or  wholly,  and  frequently  nearly  circular.  The  intervening 
ridges  or  collines  may  be  high  or  low,  simple  or  double,  often  thick 
and  solid. 

Some  writers  have  made  half  a  dozen  or  more  nominal  species  out 
of  mere  slight  variations  of  this  and  the  preceding  species.*     It  is 

*  This  is  particnlarly  tme  of  Dnchassaing  and  Michelotti,  Coral.  Antilles, 
and  their  Snpplement.  Also  of  Qnelch,  Voy.  Challenger,  Zool.,  vol.  xvi,  pp. 
10-12,  88-86.  For  more  details  see  note  on  a  previous  page,  and  Verrill,  these 
Trans.,  xi,  pp.  115-121,  plates  xviii-xx  :  Zool.  of  Bermuda,  article  11,  the  same 
plates. 
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even  a  qaestioD  whether  these  two  be  really  distinct  species  in  the 
broader  sense,  for  they  nearly  intergrade,  or  else  hybridize  more  or 
less. 

The  chief  differences  are  in  the  closer  and  thicker  radial  septa, 
their  fewer,  shorter  and  stouter,  often  triangular  or  saw-tooth  shaped 
denticulations,  and  other  details  of  structure. 

The  type  of  SymphyUia  htioxi  Duch.  and  Mich.,  of  which  I>r. 
Vaugban  has  sent  me  a  photograph,  is  a  young  dipaaoea,  very  much 
like  my  figure  3,  pi.  xix,  these  Trans.,  vol.  xi.  It  consists  of  six 
broad,  shallow,  mature  calicles  grouped  around  a  primary  simple 


Fignre  79. — Muim  dip»acea.     About  }  nnt.  size.     Phot,  b;  A.  H.  T. 

one ;  some  of  them  are  nearly  circular  and  simple  ;  others  are 
becoming  lobed.  The  septa  are  numerous,  close  together,  not  very 
unequal ;  the  teeth  are  strong,  triangular,  and  rather  regular. 

The  remarkable  and  elaborate  figures  drawn  and  lithographed  by 
Mr.  A.  Sonrel  for  Prof.  Louis  Agassiz,  but  evenlually  published  by 
A.  Agassiz,  with  explanations  by  Pourtal^s  (Florida  Reefs,  pi.  vii, 
figs.  1-8),  are  perhaps  as  accurate  as  can  be  made  by  lithography. 
But  such  corals  cannot  be  satisfactorily  represented  except  by  pho- 
tography, Pourtal^s  referred  tLem  all  to  dtpsacea,  but  he  was  at  that 
time  unacquainted  with  the  type  of  fragilis.  They  all  have  slender 
crowded  teeth  and  appear  to  me  to  belong  mostly  to  fragilU.     Pig. 
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6  has  more  crowded  septa  and  ia  like  var.  gtrigosu.  Bat  the  section 
shown  in  fig.. 8  represents  dipBocea,  to  jndge  by  the  stouter  triangu- 
lar teeth,  though  the  calicle  is  deep.     As  long  ago  as  1861-1864, 


Figure  80. — Wuroo  dipaacta,  a  groap  of  calicles  from  ft  uormnl  Hpecimen,  sboat 
natural  size.     Phot.  A.  H.  T. 

when  I  had  charge  of  the  collection  of  corals  in  the  Mus.  Comp, 
Zoology,  I  could  not  find  the  originals  from  which  these  figures 
were  made.    Therefore  I  presume  that  Pourtalfis  did  not  find  them. 


FigDieHl. — Mutta  dipsacea,  var.  ruUr.  A  yonog  colony.  Polyps  partly  ex- 
panded, one  in  fall  eipnouott,  about  nat.  size.  From  a  colored  figure  b; 
A.  H.  V. 

and  they  must  be  judged  as  they  appear  on  the  plate.  The  septa 
are  too  thin  and  too  crowded  and  their  denticles  too  slender  to 
belong  to  Jf.  dipsacea,  as  now  understood. 
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Dana^s  original  type  of  dipsaoeay  which  I  have  seen,  was  not 
mature.  It  had  narrower  calicles  than  the  adult  (mostly  12  to  18""), 
but  the  denticles  are  pretty  regularly  triangular,  or  saw-tooth 
shaped,  and  not  very  numerous.  Dana's  figure,  also,  represents  them 
of  this  form.     Specimens  like  the  type  are  common  at  Bermuda. 

Var.  aster,  no  v.    Figure  81. 
See  these  Trans.,  xi,  pi.  xz,  fig.  2,  1901,  for  type. 

It  seems  desirable  to  retain  a  varietal  name  for  those  forms  that 
have  unusually  large,  often  circumscribed,  and  generally  shallow 
calicles,  like  those  illustrated  in  the  figure  referred  to.  They  may 
be  called  var.  aster^  alluding  to  the  appearance  of  the  expanded 
polyps,  which  resemble  certain  varieties  of  "  China  Aster "  of  the 
gardens,  both  in  form  and  colors. 

The  septa  are  numerous  and  rather  thick  ;  the  principal  ones  bear 
strong,  rather  regular,  and  mostly  triangular  teeth.  The  calicles 
may  be  25  to  SS"""  in  diameter. 

Mussa  (Symphyllia)  annectens  Verrill.     Cactus  Coral.    Figure  82. 
These  Trans.,  xi,  p.  178,  pi.  xxxv,  figs.  1,  2,  1901. 

This  is  a  comparatively  rare  species,  probably  best  at  home  ou  the 
outer  reefs,  though  originally  found  on  the  inner  ones,  off  Hamilton 


Figure  82. — Mu&sa  annectena ;  forms  of  larger  septa  of  type,  enlarged ;  a>&, 
septa  with  typical  Musaa  denticles ;  e,  /,  septa  with  Isophyllia  denticles ; 
c,  d,  intermediate  forms  ;  g,  A,  marginal  septa  with  costal  spinnles.  Drawn 
by  A.  H.  V. 

Harbor,  where  it  is  rare.  It  is  a  much  heavier  and  coarser  species 
than  the  others,  with  much  larger  and  longer  teeth  on  the  stout 
distal  part  of  the  exsert  radial  septa  ;  the  upper  ones  are  generally 
the  largest  and  longest. 
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The  mature  calicles  are  mostly  15  to  20^°^  wide,  rather  deep,  with 
the  sides  abrapt,  owing  to  the  width  of  the  upper  part  of  the  septa. 
Some  of  them,  in  the  larger  specimens,  may  be  distinctly  and  some- 
times regularly  4-  to  6-lobed,  with  a  stellate  effect;  many  are  circum- 
scribed, but  most  are  lobed  or  sinuous.  The  collines  are  mostly 
simple,  thick,  and  nearly  solid  below  the  surface,  but  usually  appear 
double  at  the  summit,  with  a  median  line  or  furrow,  across  which 
the  septa  do  not  often  blend.  It  is  a  rare  species  ;  the  type  speci- 
mens were  obtained  from  the  reefs  in  Great  Sound,  off  Hamilton, 
and  off  Ireland  Island,  by  A.  H.  Verrill,  1901.  The  expanded  polyps 
were  not  observed. 

At  present  it  is  only  known  from  Bermuda,  with  certainty. 

MuBsa  (Iflopliyllia)  multiflora  Ver.     Small  Rom  Coral,    Figure  84. 

iBQphyUia  multiflora  Verrill,  these  Trans.,  xi,  p.  125,  pi.  xx,  fig.  1  (not  pi. 

XXV,  fig.  1),  1901. 
Isophyllia  multilamella  Ponrtalte,  Florida  Reef  Corals,  p.  70, 1871  (non  Dach. 

and  Mioh.  sp.). 
tIsophyUia  marginata  Qnelch,  op.  oit.,  p.  85,  1886  {non  Dnch.  and  Mich.). 

This  is  also  a  rather  uncommon  species,  at  least  on  the  inner  reefs. 
It  is  distinguished  mainly  by  the  small  shallow  calicles,  thin,  narrow, 
crowded  septa,  with  long  and  slender  denticulations,  which  are 
roughly  spinulose,  about  10  to  12  on  the  larger  septa  ;  distal  ones 
shorter  and  divergent  at  the  slightly  exsert  convex  summits  of  the 
septa.  It  most  resembles  M,  /ragilis,  var.  strigosa.  The  latter  has 
larger  and  deeper  calicles  with  wider  septa,  which  are  less  crowded. 

The  polyps  when  expanded  form  beautiful  crowded  clusters,  simi- 
lar to  those  of  M.  fragilis,  but  smaller.  The  predominant  colors 
are  emerald-green,  lavender,  and  flake-white.  It  occurred  on  the 
serpuline  atolls,  off  Hungry  Bay  ;  also  on  the  reefs  off  Great  Sound, 
and  in  other  places,  but  it  is  not  common.  Florida  Reefs, — Pour- 
tal^s. 

When  I  first  described  the  species  I  erroneously  referred  to  it  a 
young  specimen  of  M,  rostda,  which  is  quite  distinct  in  structure. 

MuBsa  rosula  Verrill,  sp.  noY.     Little  Rose  Coral,    Figure  88. 

Mussa  multiflora  {pars)  Verrill,  Trans.  Conn.  Acad.,  xi,  p.  126  (No.  4009), 

pi.  XXV,  fig.  1,  1901.     (Young.) 
IsophyUia  rigida  (pars)  Verrill,  Bull.  Mus.  Comp.  Zool.,  i,  p.  50,  1864  {non 

Dana,  non  Pourtal^,  nee  Quelcb). 

This  is  a  rare  and  but  little  known  species  of  which  I  have  only 
recently  obtained  a  mature  specimen,  through  the  young  have  been 
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known  to  me  nince  1864.  It  was  a  young  specimen  of  this  apecies 
that  I  recorded  from  Bermuda  in  1864  (as  laophyllia  rigida,  col). 
Mua.  Comp.  Zool.),  but  tbe  subsequent  discovery  of  Dana's  type  of 
rigida  in  the  collection  of  Yale  University  proved  long  ago  that  it 
is  a  distinct  species.  (See  these  Trans.,  li,  p.  127,  pi.  xxv,  figs.  2,  3, 
for  the  true  M,  rigida,  which  has  not  been  found  in  Bermuda.)* 

A  careful  examination  of  the  photographs  of  all  the  types  of  the 
forms  described  by  Duch.  and  Mich,  shows  that  it  cannot  be  referred 
to  any  of  them.  It  appears,  therefore,  to  still  lack  a  name  and  a 
place  in  the  system.  It  resembles  multtflora  only  in  the  small  size 
and  rapid  division  of  the  calicles. 


Fii^re  63. — Musaa  roiata,  Bp.  aov.     Young ;  nalaral  size. 

Figure  84. — M.  mnUiflora  (/),  a  joang  speoimeD,  abont  natDTol  size.    Both  phot, 
by  A.  H.  V. 

This  species,  when  mature,  forms  convex  masses  up  to  4  to  5 
inches  in  diameter.  The  calicles  are  nniisually  small  for  the  genus, 
and  many  soon  become  isolated  and  nearly  circular,  especially  the 
marginal  ones  ;  most  of  tbe  calicles  are  only  10  to  12"""  in  diameter 
before  division,  bat  some  of  the  marginal  ones  may  be  18  to  20""°, 
in  the  largest  specimen.  They  are  usually  rather  deep  with  steep 
sides.  Tbe  intervening  collines  may  be  simple  and  solid  in  tbe 
young  (as  in  the  example  figured),  but  in  tbe  larger  specimens  they 

*  JndgiDg  bj  a  photograph  of  the  tjpe,  sent  to  me  by  Dr.  Vanghaa,  (see  p.  323.) 
the  Aeanthaitraa  diptatea  Dncb.  and  Uich.,  op.  cit.,  p.  78,  1860,  is  identical 
with  the  true  U.  rigida  of  Daoa, 
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are  generally  truncate  and  double  at  the  surface,  with  a  naked 
groove  or  furrow  interrupting  the  costse  ;  beneath  the  surface  the 
wall,  as  seen  in  sections,  is  thick  and  nearly  solid,  with  very  few 
exothecal  vesicles. 

The  principal  septa  in  the  younger  specimens  are  rather  thin  and 
not  very  closely  crowded,  but  in  the  largest  one  they  become  so 
thick  distally  that  they  appear  crowded,  the  spaces  between  being 
less  than  their  thickness ;  those  of  the  last  cycle  are  poorly  devel- 
oped. The  larger  septa  are  rather  wide  distally  and  evenly  rounded 
at  the  somewhat  exsert  summits,  where  they  bear  three  or  four 
angular,  rather  strong,  but  not  very  long,  divergent  teeth  ;  the  teeth 
or  denticles  of  the  inner  margin  are  usually  8  to  12  on  the  larger 
septa,  of  moderate  length,  wider  at  base,  subacute,  mostly  increasing 
in  size  and  length  distally.  In  the  younger  specimens  the  teeth  are 
sharply  granulose  or  spinulose,  but  only  moderately  so  in  the  adult. 
Columella  moderately  developed,  lamellose  and  spinulose.  The 
epitheca  covers  the  larger  specimen  almost  to  the  margin,  but  one 
of  the  younger  ones,  which  has  very  little  of  it,  has  wide  and  thin 
lamellar  costse,  finely  serrulate  below,  but  thickened  and  covered 
with  strong  triangular  teeth  distally,  toward  the  margin. 

This  species  resembles  rigida  in  the  solidity  of  the  walls,  but  that 
species  has  smaller,  mostly  astreiform  calicles,  and  different  septal 
teeth.  It  is  nearest  related  to  Jf.  anneetens,  but  the  latter  is  a  much 
larger,  coarser,  and  heavier  coral,  with  larger  calicles,  stouter  and 
more  exsert  septa,  and  much  larger  and  longer  distal  and  terminal 
teeth,  so  that  it  appears  much  more  spinose. 

This  species  appears  to  be  rare  at  Bermuda  and  unknown  else- 
where. I  have  not  seen  more  than  half  a  dozen  specimens  among 
the  hundreds  of  specimens  of  Musea  examined. 

Additional  notes  on  the  species  of  Mussa  recorded  by  Quelch. 

Many  species  of  Mussa  (as  Isophyllia)  were  recorded  from  Ber- 
muda by  Quelch.*  Most  of  those  that  he  enumerated  are  slight 
variations  of  M.  fragilis  and  M,  dipsacea  (see  above,  pp.  223-226). 
In  addition  to  those  already  discussed,  he  recorded  marginata  Duch. 
and  Mich.,  australis  Edw.  and  Haime,  niultilamella  (D.  and  Mich., 
1866,  as  Lithophyllia)^  and  /.  spinosa  Edw.  and  Haime. 


*  Of  the  28  species  of  true  corals  recorded  by  Qnelch,  18  are  here  regarded  as 
synonyms.  He  ennmerated  11  species  of  Isophyllia  and  Lithophyllia,  all  of 
which  are  here  referred  to  the  two  common  species  of  Mussa  (fragilis  and 
dipsficea)  with  one  possible  exception  (his  marginata). 
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The  origiDEl  Lithopkyllia  muUilamtUa  was  a  young  Muna,  inde- 
terminable from  the  description  and  figare.  Tbe  Bermuda  speci- 
mens are  more  likely  to  be  M,  fragilU  than  any  otber  ;  T.  tpinoaa 
Edw.  and  Haime  appears  to  be  the  young  of  fragiiia  ;  I.  auttralia 
was  originally  based  on  tbe  young  of  an  Australian  spedes,  but  the 
auslralis  of  Quelch  is  apparently  fragilit, 

Tbe  /.  marginata  of  Quelcb  was  probably  my  M.  mvltifiora,  but 
tbe  real  Symphyllia  marginata  was  quite  different,  as  shown  by  a 
photograph  of  the  type  sent  to  me  by  Dr.  Vaughan.*  The  latter  is 
a  large  convex  mass,  with  very  numerous,  mostly  circumscribed, 
angular  or  irregular,  flaring  calicles,  the  larger  ones  10  to  15™'°  broad, 
of  moderate  depth,  with  unusually  thin,  narrow,  and  fragile  septa, 
loosely  arranged,  bo  as  to  leave  wide  open  spaces  between  them, 
those  of  the  later  cycles  being  extremely  delicate  ;  the  denticles  are 


Figure  85.— OrdiceHa  annutaKf,  oat.  8iz«.     Phot,  b;  A.  H.  V. 

long  and  slender,  but  irregular,  12  to  16  or  more  on  the  larger  septa, 
becoming  smaller  distally.  The  septa  are  thickened  at  the  wall  and 
tbe  ends  seem  to  have  been  narrow  or  falcate  and  considerably 
exsert,  but  they  are  mostly  broken  off.  The  walls  are  thin,  sepa- 
rated by  a  narrow  groove,  and  apparently  by  a  vesicular  exotbeca. 
The  columella  is  feebly  developed.  It  is  probably  a  valid  species, 
distinct  from  all  those  recorded  from  Bermuda.  It  resembles  some 
of  the  larger  specimens  of  fragilU  more  than  any  other  Bermuda 
species,  but  tbe  latter  rarely  if  ever  has  so  many  of  the  calicles  cir- 
cumscribed, nor  so  small,  nor  the  septa  so  narrow  and   loosely 

•  For  ciitioal  remarks  on  most  of  their  other  tTpes,  see  pp.  338-226. 
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arranged.  In  general  appearance  it  resembles  M.  hi^ida  Dana.* 
{See  Verriil,  these  Trans.,  si,  p.  127,  pi.  xxi,  figs.  2-2c,  1901.)  The 
type  of  the  latter  is  in  tbe  Museum  of  Tale  University. 

Orbicella  annularu  (Dana)  Ver.     Star  Coral.     Figures  US,  86. 

Aatraa  annularit  aud  Heliaalraa  anaularU  of  nuuiy  writers. 

Orbicelta  annutaru  VenilJ,  theso  Trans.,  li,  pp.  M,   171,  pi,  iv,  figs.  1,  In, 

1901.     Dnerden,  Mem.  Nat,  Aoad.  Sol.,  viil,  pp.  504-566,  pli.  vill-j,  flgs. 

64-73,  an  atom  J,  bistologj. 
Orbicella  acropora  Vanghun,  op.  oit.,  p.  301,  plates  vi,  vii,  1902. 

Tbis  coral  grows  both  in  the  form  of  thick  crusts,  2  to  4  inches 
thick,  and  in  hemispheres  up  to  3  feet  or  more  in  diameter.  It  is 
found  mainly  on  the  outer  reefs,  but  has  often  been  obtained  from 
those  not  far  off  Ireland  Island,     In  life  it  is  usually  pale  yellow, 


Figaxe  86.— OrWcella  annularis ;  a,  poljpe  partially  expanded;  A,  in  fnll  eipan- 
sion.     From  colored  drawings  by  A.  H.  Verrill, 

yellowish  brown,  or  greenish,  due  to  zoo x an th elite.  It  can  be  dis- 
tinguished from  most  others  by  its  slightly  prominent,  circular 
calicles,  about  |  inch  in  diameter  {6g.  85).  The  polyps,  when  fully 
expanded,  rise  considerably  above  the  rims  of  the  calicles,  as  shown 
in  fig.  86,  &,  They  have  about  24  slender,  short,  unequal  tentacles 
with  a  small  white  knob  at  the  tip.  The  soft  upper  body  and  the 
tentacles  in  expansion  are  translucent,  usually  yellowish  or  greenish 
with  white  specks. 

It  is  common  on  the  Florida  reefs  and  throughout  the  West  Indies, 
where  it  often  grows  to  great  size,  sometimes  forming  masses  3  to  5 
feet  in  diameter. 

*  M.  kiipida  has  wider  and  mDch  more  iRegular  and  lacerate  septal  teeth,  and 
the  septa  are  more  nnmerons  and  more  spinnloee  laterally. 
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Orbicella  cavemoaa  (linn.)  Ver,    Great  Star  Coral.   Fig.  87.    PI.  zxza,  fig.  1. 
Attrta  eavemoia,  A.  radiata,  »nd  A.  arffut  of  many  writora. 
OrbiceUa  cavernosa  Verrill,   1864;  these  Tmm.,  xi,  pp.  102,  171,  189,  1901. 
Vanghas,  Fosail  Corals,  p.  27,  1001. 

This  fine  coral  is  much  tees  common  than  the  last.  It  grovs 
chiefly  on  the  outer  and  most  exposed  reefa,  where  it  forms  hemis- 
pherical masses.  I  have  seen  a  few  small  specimens  from  the  inner 
reefs,  2  to  3  inches  thick.     The  largest  Bermuda  specimen  that  I 


Figure  ST.— OrbiceUa  rawniosa,  iibont  natnra]  aize.     Phot,  by  A.  H.  V, 

have  seen  is  a  dome-shaped  mass,  rather  more  than  a  foot  in  diame- 
ter, but  it  is  said  to  grow  mnch  larger  there,  as  it  certainly  does  in 
the  West  Indies  and  Florida,  where  it  is  mnch  more  common  and 
reaches  the  diameter  of  4  to  5  feet  at  least.  According  to  Pourtal^s 
it  occure  in  10  to  15  fathoms,  off  Florida. 

It  is  also  found,  as  far  south  as  Pernambuco,  Brazil.  It  is  one  of 
the  common  fossil  corals  in  the  elevated  reefs  of  many  of  the  West 
Indian  Islands.  At  Dominica  Island  it  occurs  in  an  elevated  reef, 
near  Roasean,  about  1,000  feet  above  the  sea,  from  whence  I  have 
good  specimens  collected  by  A.  H.  Verrill,  1905.  It  has  also  been 
found  fossil  in  the  Devonshire  formation  of  Bermuda  (see  p.  187). 

It  is  easily  distinguished  from  0.  annularis  by  the  much  larger 
calicles,  which  are  usually  .25  to  .30  of  an  inch  (6  to  9°")  or  more 
in  diameter,  and  by  the  more  numerous  septa  (about  48).  The 
columella  is  usually  large. 

FleaiastrKft  Ooodei  Verrill.     Star  Coral.     Figure  88. 

These  TranB.,  li,  pp.  106,  172,  flg.  1,  pi.  mi,  figs.  1,  la,  1901. 

This  is,  apparently,  a  rare  species.  I  have  seen  but  two  Bermuda 
specimens,  one  of  which,  now  in  the  American  Museum,  N^ew  York, 
was  taken  by  Mr.   Whitfield  on  one  of  the  small  inner  reefs,  o£F 
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Bailey  Bay.  The  other,  collected  by  Mr.  G.  Brown  Goode,  may 
have  been  from  the  outer  reefs,  but  had  no  special  label.  It  forme 
thick,  solid  cruBtfl  and  also  hemispheres  up  to  a  foot  or  more  in 
diameter.  Its  small  stellate  calicles  are  very  regular  in  structure, 
but  vary  somewhat  in  form  and  size.  They  have  a  simple,  solid 
columella  in  the  center.  The  living  polyps  have  not  been  described. 
It  occurs  also  in  the  Bahamas. 


Flgare  BS.—Plaiaatraa  Qoodei,    x  about  5.     Phot,  by  A.  H.  V.     Type. 

Ocnlina  difhiaa  Lam.     Bush  Coral.     Figares  80a,  8B.     Plate  izviii,  fig.  S. 
Oculina  diffusa  Dana,  Zooph.,  p.  897,  IB46.     Edw.  and  Haime  (pars),  Corall., 
il,  p.  107,  1857.     PoDrtal««.  Reef  Corals,  p.  65,   1677  ;  Florida  Reefs,  pi.  i, 

figs.  2,  8,  4  (polyps) ;  pi.  ill,  flgs.  10-18,  1880.    Qaelch,  op.  oit.,  p.  47,  1886, 

Oculina  diffusa  Vaughan,  op.  cit.,  p.  294,  pi.  i,  figs.  6,  6a,  1903.  Verrill, 
these  Trena.,  xi,  p.  175,  1901.  Dnerden,  Ueni.  Nat.  Acad.  Sci.,  viii,  pp. 
585-588,  pi.  uii,  flg.  149. 

This  is  the  most  common  of  the  Bermuda  Oculinas.  It  grows 
abundantly  in  Harrington  Sound,  Castle  Harbor,  etc.,  as  well  as  in 
the  outer  waters,  but  it  is  not  fonnd,  like  the  massive  corals,  exposed 
to  the  heavy  surf  of  the  outer  reefs,  in  very  shallow  water.  In  the 
outer  waters  it  is  found  in  abundance  at  the  depths  of  6  to  10 
fathoms  or  more,  on  the  reefs  and  "  broken  ground."  Wherever  there 
are  stones  or  ledges  on  the  bottom  for  attachment,  it  is  fonnd  in  tho 
sounds  and  channels,  in  3  to  10  fathoms.  I  also  saw  a  specimen  at 
Bermuda,  7  inches  high,  taken  from  the  bottom  of  a  ship  recently 
arrived  from  the  West  Indies.  In  Harrington  Sound  it  grows  in 
shallow  water  3  to  4  feet  deep,  as  well  as  in  5  to  8  fathoms. 

When  well  grown  this  coral  forms  handsome  densely  branched 
clusters  of  very  numerous  branchlets,  becoming  quite  slender  at  the 
tips.    The  clumps  are  often  a  foot  or  more  high.     The  calicles  are 
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round  and  a  tittle  prominent,  tbougli  varying  in  this  respect.  When 
not  so  well  developed,  the  clusters  of  branches  are  irregular  and 
often  missbapen  or  straggling.  The  main  branches  are  often  an  inch 
or  more  id  diameter. 

When  living  these  corals  are  dull  yellow  or  ocher-yellow  to 
brownish  yellow;  the  soft  upper  bodies  of  the  expanded  polyps  are 
pale  yellow,  or  translucent  with  whitish  lines,  and  rise  high  above  the 
calicles.  The  slender  tentacles  are  specked  and  tipped  with  flake- 
white,  due  to  raised  clusters  of  cnidin. 

The  figures  2-4,  on  pi.  i,  of  L.  Agassiz,  Florida  Reefs,  which 
Pourtal6s  referred  to  0.  varicosa,  belong,  without  much  doubt,  to 
this  species,  and  my  fig,  89  is  only  slightly  altered  from  his  fig.  2. 


Figure  89. — Onulino   diffusa,   aliawing   poljps  in   partial  and  full  eipaosioD. 
From  colored  fignre  by  A.  H.  V.,  altered  from  L.  Agaaaiz. 

It  agrees  better  with  the  polyps  of  O.  diffusa,  as  seen  by  me  at 
Bermuda,  than  with  either  of  the  other  species,  though  the  differ- 
ences between  them  are  only  slight,  when  seen  in  the  corresponding 
slates  of  expansion.  However,  this  figure  was  drawn  by  Mr.  Bnrk- 
hardt  from  a  living  specimen  in  Florida,  while  he  was  artist  for 
Prof.  L.  Agassiz  on  his  visit  to  Florida  to  study  the  reefs.  0,  diffusa 
is  the  only  OcuUna  that  is  ordinarily  found  on  the  Florida  reefs  and 
Keys,  where  it  is  abundant,  and  therefore  it  would  naturally  have 
been  the  species  figured  while  living.  Pourtal&s  himself  states  (op. 
cit.,  p.  66)  that  O.  varicosa  has  not  been  found  on  the  Florida  reefs 
to  his  knowledge.  I  can  say  the  same.  The  specimens  of  the  coral 
of  O.  varicosa  on  the  same  plates  were  all  from  Bermuda. 

It  is  a  common  coral  throughout  the  West  Indies  and  Florida 
Keys,  in  sheltered  places. 
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Oculina  Turicoaa  Leenenr.    Itory  Coral.    PignTea  90. 91,  a.  p]at«  ixvUi,  fig.  1. 

Oculina  varicoia  Les..   Hem.   Mob.   Paris,   vi,   p.  291,  pi.  zvii,  fig.  19,   1830. 

Toong.     Dona,  Zodph.  Expl.  Exp.,  p.  894,  1846.     Fourtal^,  Beef  Corals,  p. 

66  ;  Florida  Reefs,  pi.  j,  tigs.  1-la  ;  pi.  ii,  figs.  3,  4 ;  pi.  iii,  flge.  8,  9,  1880. 

Venill,  tbese  Trans.,  zi,  p.  178,  pi.  xizil,  figs.  2,  8.  4,  1901. 

When  well  grown  this  ia  one  of  the  most  elegant  corals  of  the^e 

waters.     It  grows  taller,   with  a  etouter  trunk  than   the  last,  and 

branches  more  sparingly  and  in  a  more  tree-like  manner,  with  stouter 

and  longer  branches.     The  caliclcs  are  larger  and  more  prominent 


Fignre  90.— OcuJfna  varieota,  part  of  a  branch  with  the  polyps  well  eipanded, 
X  aboat  8.     Drawing  by  A.  H.  V. 

and  much  ewollen  at  base,  or  even  mammiform,  and  on  the  large 
branches  are  often  surrounded  by  a  depression  and  ridge.  The 
coral,  when  dried  and  bleached,  becomes  pure  white,  but  in  life  it  is 
usually  light  yellow.  The  polyps  are  translucent  and  rise  much 
above  the  calicles  in  full  expansion.  The  tentacles  are  slightly 
knobbed  at  tl;e  tip  and  spei^ked  with  white. 
Variety  COnig«ra  Verrlll.     Flgnre  91,  a. 

These  Trans.,  zl,  p.  17S,  pi.  xiz,  fig.  8, 1801. 

This  tiingular  variety  has  the  corallets  much  more  elevated,  swollen 
or  mammiform  at  baee,  with  the  calicles  smaller  than  usual.    The 
surface  is  uearly  smooth.     It  is  rather  rare.     The  best  examples  that 
I  have  seen  were  from  deep  water  in  Harrington  Sound, 
OcoliiUL  ValsncieuiiMi  Edw.  and  Haime.     Ivory  Coral.     Figure  91,  b. 

UoDOg.  Ocniinidte,  p.  69,  1860;  Blst.  Corall.,  ii,  p.  108,  1897. 

/Oculina  bermvdiana  Dnch.  and  Hich.,  Snpl.  Corall.   Antilles,  p.   162  [68], 
pi.  I,  figs.  1,  2  fpoor),  1S66.     Qnelch,  op.  cit.,  p.  31  (as  bermudensitj. 

O&ttllna  ValenciaiTieii  Verrill,  these  Trans.,  vol.  li,  p.  176,  pi.  xxiil,  flg.  5, 
1901. 

This  coral  branches  rather  loosely  and  irregularly,  usually  with 
pretty  long  and  often  crooked,  tapered  branches,  forming  open 
clumps  often  a  foot  or  more  high. 

Tbahb.  Cohh.  Acas.,  Tol.  XII.  16  apbii.,  1906. 
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The  calicles  project  but  little  and  are  usually  surrounded  by  a 
shallow  depression  or  fosse  and  outer  circular  ridge,  sometimes  as 
high  as  the  calicles. 

It  is  common  at  the  depth  of  2  to  10  fatboms  or  more,  in  the 
soundu  and  channels  between  the  reefs,  and  also  in  Harrington 
Sound,  etc. 

OculiOA  pallaol  Ehienberg.     Ivory  Coral.     Figure  63.     Plato  zzxti,  fig.  2  (3). 
Corall.  Eotliea  Meeree.  p.  79.  1884.     Dana,  ZoOph.,  p.  87,  Og.  2»,  p.  895,  1846. 

Ponrtalba,  Florida  Reefs,  pi.  iti,  &gs.  14-17,  1688. 
rOmlina  gpeciota  Edw.  and  Haime,  Monog.,  p.  07,  pi.  iv,  fig.  1,  18S0 ;  Hist. 
Corall.,   ii,  p.   106,   18GT.     Qnelch,  op.  cit.,  p.  GO  (desci.  and  notes  on  the 
original  type,  examined). 
Ooufina  pallena  Vemll,  these  Trana.,  li,  p.  175,  1901. 
This,  when  well  grown,  ie  a  handsome  species,  branching  in  an 
aborescent  form.   The  branches  are  larger  and  less  numerous  than  in 
91 


Figure  91. — a,   Oeulina  varicoaa,  var.   conlgera;  b,   IJ.  Vateneignntti.      Abont  * 

natural  size.     Phot,  by  A.  H.  T. 
Figure  93. — Oculina  patient ,-  a,  one  of  the  polyps  expanded,   x  abool  3^  ;  b,  a 

gronp  of  tentacles  more  enlarged  to  ahoir  the  alternation^     By  the  anthor. 
Figure  93. — O.  coroncdis.     Section  of  a  calicle  mnch  enlarged.     After  Qnelcb. 

0.  dijf'isa,  to  which  it  is  nearly  allied.  It  has  calicles  less  swollen 
and  less  prominent  than  those  of  0.  varicoaa.  It  occurs  in  the  same 
places  with  the  preceding. 

Oculina  coronalU  Qnelch.    Itory  Coral.    Fignre  68. 

Voy.  Challenger,  iTi,  p.  46,  pi.  i,  flgs.  6-6c.  VerriU,  these  Trans.,  xi,  p.  177, 
1601. 

This  is  a  loosely  branched  coral  distinguished  mainly  by  the  circle 
of  12  pali  around  the  columella  being  rather  more  prominent  than 
usual.     But  all  the  species  vary  in  this  respect.     It  may  be  merely  a 
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variety  of  the  preceding,  which  it  reseniblea  in  mode  of  growth, 
large  size  of  calicles,  and  general  appearance.  I  found  no  specimens 
agreeing  perfectly  with  the  type,  though  some  from  Harrington 
Sound  seem  to  be  the  same. 

KadraciB  decactis  (Ljnnan)  Ter.    PigoreB  94,  05. 
Aatnta  decactis  Lyman,  1B50. 

Uadracia  deeaeti$  Verrill,  18M.     PonrtalfeB,  op.  cit.,  pp.  2S,  67,  pi.  vH,  figi, 
1-4,  1871.     Verril!,  thne  TnuiB.,  x,  p.  554,  pi.  Ixvii,  Bgs.  8,  10,  IMO;  li, 
p.  108,  Bga.  2,  2a,  pi.  ziv.  flg.  6,  1901. 
AaAelia  det^etii  Vaaghan,  op.  dt.,  p.  B.  ]901. 

l^is  coral  ia  not  uncommon  at  Bermuda,  even  on  the  inner  reefs 
and  in  Harrington  Sound  and  Castle  Harbor.     When  young  it  forms 
croBts,  or  small,  irregular,  nodnUr  masses,  but  later  usually  grows 
94  95 


Figure  94. — Madraeit  deaaetU,  x  abont  6. 

Figure  95.— The  iame,  with  polyps  ezpuuded.     Drsnings  by  A.  H.  V. 

up  into  blunt  branches  or  irregular  lobes,  sometimes  becoming  round 
and  forking  into  smaller  branches,  which  are  usually  very  brittle, 
though  seldom  less  than  }  inch  in  diameter.  The  coral  is  rarely 
more  than  4  to  S  inches  high. 

It  can  easily  be  distinguished  by  the  small,  usually  sanken  calicles  ' 
which  have  only  ten  septa  (except  sometimes  a  few  calicles  at  the 
tips  of  the  branches,  which  may  have  20).  This  number  10  for 
the  septa  is  rare  in  corals.  The  polyps,  however,  have  20  unequal 
tentacles,  sometimes  only  18,  and  rise  above  the  calicles  when  they 
expand  (fig.  V5).  The  color  in  life  is  variable,  usually  light  yellow- 
ish brown  and  rust-color,  or  purplish  brown,  varying  to  pink  and 
light  yellow.  Disk  dull  yellow,  russet-brown  or  lavender,  with  white 
radial  lines,  wider  near  the  mouth  ;  lips  whitish ;  tentacles  have 
white  tips. 

It  occurs,  also,  in  Florida  and  the  West  Indies.     Gregory  has 
reported  it  as  fossil  from  the  Bermuda  beach-rocka. 
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Porit«fl  astreoides  Lam.    Pignrea  06,  60a.    Plato  xvix,  flg.  1. 
Madrrpora  poritts  ipars)  PallsB,  Elenrb.  Zooph.,  p.  824,  1706. 
Poritet  attreoidet  Lam.,  Hiat.  Anim.  suns  Tert.,  ed.  t,  ii,  p.  260,  1816. 
PoriUt  aslnroides  Dana,  ZoCph.  U.  8.  Eipl.  Eip.,  p.  661,  1846.    Verrill,  Ball. 
Mdb.  Comp.   Zoal.,  i,  p.  43,  1804.     Ponrial^,  Florida  Beefa,  pi.   xvi.   figs. 
1-12,  1880.     Dnerden,  Mem.   Nat.  Acad.   Sci.,  viii,  pp.  550-552,  pi.  iii-v, 
figa.  38-42,  IS02,  anatomy. 
PoriUt  OBlreoidea  YaDgban,  op.  oit.,  p.  817,  plalea  jcxiii-xizir,  1001,    VerrlU, 

thsae  Trans.,  xi,  pp.  100,  181,  pi.  mi,  figs.  4,  ia,  1901. 
This  coral  is  one  of  the  most  impoitant  of  the  reef-building  corals. 
It  forms  large  hemispherical,  subglobular,  or  dome  shaped  masses 
when  well  grown,  on  the  out«r  reefs,  but  is  often  found  in  the  form 
of  thick  cruBtB.  ItB  surface  iB  generally  more  or  less  uneven  or 
nodular.  It  Bometimes  becomes  2  feet  or  more  in  diameter,  but  is 
more  commonly  not  more  than  C  to  10  inches  in  diameter. 

07  06 


Fignre  06. — Poritei  oMtreoidea.     Folypii  in  partial  expansion,   much  enlarged. 

From  colored  drawing  by  A.  H.  V. 
Fignre^T.—PoHltt  porilti,\aT.  clavaria.     One  of  the  pol;pB  folly  expanded. 

Macb  enlarged.    From  life  bj  the  antbor. 

In  life  its  color  is  usually  greenish  yellow,  sometimes  pale  ocher- 
yellow,  yellowish  green  or  yellowish  brown.  Duerden  describes  it 
as  sometimeB  blue. 

The  polyps,  in  conti'action,  are  usually  brighter  yellow  than  the 
ctenenchyma  ;  when  fully  expanded  they  rise  couBiderably  above 
the  coral  and  have  twelve  small  blunt  tentacles.  The  small  mouth 
is  bordered  with  white,  and  usually  there  arc  twelve  thin  white 
radial  lines  on  the  disk.  The  tentacles  are  sometimes  whitish  or 
very  pale  yellow,  in  other  caseB  brownish  yellow.  Twelve  small 
white  specks  often  surround  the  base  of  each  polyp.  They  usually 
stand  so  close  together  that  when  fully  expanded  the  tentacles  inter- 
lock and  entirety  conceal   the  surface  of  the  coral.     Occasionally 
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there  are  more  than  12  tentacles.  Dr.  Duerden  baa  described  its 
anatomy  very  fully. 

When  dried  the  coral  becomes  dark  brown  or  black,  unless 
cleaned  with  potash  or  bleached. 

It  is  most  abundant  on  the  outer  reefa,  but  is  also  common  on  the 
inner  reefs  and  serpuline  atolls  off  the  southern  shore.  It  is  occa- 
sionally found,  also,  in  Harrington  Sound. 

This  is  an  abundant  reef  coral  in  the  West  Indies  and  Florida  and 
has  received  many  names  not  given  above. 

Foritea  porite*  (Paltu),  var.  clavarift  l^m.    F^re  BT. 
Madrepora  poriles  Ipart)  Pallns,  Elench.  ZuOpb.,  p.  334,  1766. 
PoriU$  potymorphat  {pan)  Link,  Besch.  Nat,  Sainml.,  BoBtook,  p.  162,  1807. 
POriUi  ctavaria  Lam..  Hist.  Aaim.  uns  Vert.,  ii,  p.  370,  1816.    Dana,  Zooph., 

p.  554,  1846.     Pourtal^,   Florida  Reeie,  pi.  lii,  flgs.  4-6,  1880.     RathboD, 

Proc.  U.  S.  Nat.  Mob.,  i,  pp.  3S6-3SI,  pi.  ivi.  pj.  lyii,  Bg.  2,  pi.  xix,  flg.  1, 

1887.    Dnerden,  Mem.  Nat.  Acad.  Sei.,  viii,  p.  437. 
Poritei  porilra  (pari  =  foTma  clanaria)  Vanghan,  op.   cit.,  pp.   314-314,   pi. 

xxix,  pi.  ixii,  flg.  -i,  1902. 
Poritti  polgmorplia  Verrill,  tbeae  Trana.,  xi,  pp.  158,  181,  pi.  iiii,    flga.  8, 

3a,  1901. 

This  is  a  rather  unattractive  coral.    As  found  in  Bermuda  it  grows 

in  irregular  clumps  or  clustera  of  stout,  uneven,  often  crooked,  short, 

blunt  branches,  dead  below,  and  covered  with  small,  inconspicuous, 

shallow  calick-s.     The  color  in  life  is  darli  brown  to  yellowish  brown 

97a  Bfla 


Figure  06a. — Poritm  atlrroideg,  group  of  calictes. 

Figure  91a.— P.  poritet,  var,  elacaria,  gronp  of  calicles,   x  4.     Both  phot,  by 
A.  H.  V. 

or  gray.  It  occurs  in  shallow  water  near  the  shore  attached  to  small 
masses  of  rocks,  as  well  as  on  the  reefs.  It  was  not  very  abundant 
in  any  locality  visited  by  us.  It  is  variable  in  form,  but  the  variety 
(or  allied  species)  called  /'.  furcata,  abundant  in  Florida  and  the 
West  Indies,  has  not  been  found  in  Bermuda,  so  far  as  I  know. 
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The  polyps,  when  fully  expanded,  rise  considerahly  above  Ihe 
calicles.  The  column  and  tentacles  are  translucent  and  usually 
nearly  colorless,  specked  with  white.  There  are  generally  12  nearly 
equal  tentacles ;  occasionally  a  large  calicle  occurs  with  24  blunt 
tentacles  and  24  septa.  Such  abnormally  large  calicles  soon  undergo 
fission.  They  are  more  frequent  in  P.  aetreoides  and  some  other 
species. 

Vaughan  unites  the  clavaria  and  all  the  other  branching  West 
Indian  forms  in  one  species,  under  the  name  Porites  porites.  There 
may  be  good  reasons  for  doubting  the  correctness  of  this,  but  there 
is  no  reason  to  doubt  that  clavaria  was  one  of  the  forms  included 
under  M,  porilet  by  Pallas. 

Sideraatrea  radioiul  (Pallas)  Ver.     Slar  Coral.     Pigs.  S8- 09b,     P).  iiii,^.  2. 
Madrepora  radians  Pallas,  EleDch.  Zooph.,  p.  322,  1796. 
Sidrraitrcea  radians  Verrill,   Bnli.   Mns,  Camp.  Zool.,   i,  p.  65,   18M  ;  these 

Trani.,  li,  p.  163,  181,  pi.  iti,  ttg.  1.     Vanghan,  Corals  Potto  Rican  Watera, 

p.  809,  pi.  IT,  pi.  ivi,  flg.  a,  1901. 
Daerden,  Mem.  Nat.   Aoad.  Scl.,  Tiii,  pp.  508,  520,  623.     The  Coral  Sideras- 

trea  radiani  and  its  Poetkrval  Development,     Carnegie  Inst.,  Washington, 

Pabl.  No.  20,  130pp.,  H  pi.,  1904. 
Slderattraa  galaxea  of  manj  writers.     Poartal^,  B«ef  Corals,  p.  81 ;  Florida 

Reefs,  pi.  xi,  figs.  14-31,  series  of  foung  ;  pi.  xv,  figa.  1-13,  Qgs.  1-7  sbow 

living  poln>B. 
This  is  a  very  common  coral,  both  on  the  reefs  and  on  the  flats  in 
shallow  water  near  the  shore,  and  in  Harrington  Sound.     We  found 


gnre  98. — Siderastraa  radians  with  the  polyps  partially  eipanded,  mnch 
enlarged.  Altered  from  Agassiz.  Phot,  from  a  colored  drawing,  hence  too 
dark. 
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it  abundant  on  the  shallow  fiats  at  Long  Bird  Island,  even  in  places 
laid  bare  at  low  tide,  and  also  at  Walsingham  Bay  in  one  or  two 
feet  of  water  in  a  sheltered,  muddy  cove.  In  such  places  it  often 
forms  ovate  or  subglobular  masses,  3  to  6  inches  in  diameter,  wholly 
unattached,  and  with  calicles  on  all  sides.  They  were  evidently 
attached,  when  very  yoang,  to  small  shells  or  loose  bits  of  stone 
which  have  been  entirely  enclosed.  On  the  reefs  it  forms  thick 
crusts  or  more  or  less  hemispherical  masses,  up  to  more  than  a  foot 
in  diameter. 

In  life  the  color  is  usually  dull  orange-brown,  or  brownish  yellow, 
or  sometimes  clay-color,  varying  according  to  the  situation.  In  full 
expansion  the  polyps  rise  only  a  little  above  the  calicles.  Tlie  tenta- 
cles, about  36  in  number,  are  scattered  over  about  one-half  the  disk, 
forming  three  or  four  irregular  circles  ;  they  are  mostly  fmall,  slen- 
90  100 


Fignre  W. — Sidertutraa  radians,  grogp  of  c»Iicle«,   x  2^. 
Figure  100.— S.  tiderta.     Caliclei,  x2i.     Both  ptot.  by  A.  H.  V, 

der,  tapered,  but  the  larger  inner  ones  are  bilobed.  In  1898,  I  did 
not  see  that  the  tips  were  bilobed,  as  they  were  figured  by  L. 
Agassis  many  years  ago,*  but  his  enlarged  figure  (5)  does  not  show 
bilobing,  but  indicates  that  the  appearance  was  due  to  their  peculiar 
grouping,  which  the  artist  did  not  understand.  The  coenenchyma  is 
marked  by  lighter  and  darker  radial  lines  of  color,  the  disk  is  often 
dark  orange-brown  or  yellowish  brown,  with  paler  radial  lines  ;  lips 
lighter  ;  tentacles  yellow  or  yellowish  brown  with  whitish  enlarged 
tips. 


•  Dnerden  has.  however,  recently  deacribed  them  ss  bilobed  ftt  the  tip  (op. 
cit.,  1904.  p.  10),  They  are  Bmall  and  may  have  bfen  imperfectly  expanded 
when  observed  by  me,  hut  it  is  posBible  that  they  vary  in  this  respect.  Accord- 
ing to  Dr.  Dnerden  they  are  dimorphic,  the  inner  ones,  which  are  eudoctslio, 
being  bilobed,  while  the  outer  ones  are  eclocoelic  and  simple.  (See  flin  OBa 
Wb.) 
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The  description  of  thie  species  giveo  by  Pallas,  in  1766,  is  very 
good  and  applies  perfectly  well  to  this  species  and  to  no  other. 
Therefore  there  is  no  reason  why  his  name,  radians,  should  not  be 
universally  adopted,  instead  of  i/alaxea  of  much  later  date. 

The  development  of  this  species  has  recently  been  the  subject  of 
an  extended  work  by  Dr.  Duerden.  It  proves  to  be  hardy  in  con- 
finement and  well  adapted  for  such  studies  (Carnegie  Inst.,  1904, 
Publ.  No.  20).  Dr.  Duerden  there  fully  describes  the  adult  aud 
young  polyps,  as  well  as  the  gradual  development  of  the  corallum 
from  its  earliest  appearance,  with  admirable  illustrations. 


Figure  9i)a.—Sidrrastrea  radiana:   diHgrammatic  view  of  disk  and   tentacles, 
mach  enlarged.     The  tentacles  and  »epta  are  nnrabered  according  to  their 

Figure  BOb.— The  same  ;  a,  inner  bilobed  tentacle ;  6,  outer  simple  one.     Both 
after  Duerden. 

Bideraatr»a  «ider«»  (E.  and  Sol.)  Blainv.     star  Coral.     Fignrea  100,  tOOa. 
Madrepora  siderea  Ellis  and  Sol.,  op.  cit,  p.  168,  pi.  ilii,  flg.  S,  1780. 
Sidtrattrcca  tiderta  Blainr.,  op.  cit.,  p.  339,  1830;  Han.  Actio.,  p.  370,  1834, 
Edw.  and  Haime,  Monog.,  p.  141,  1840.     Verrill  {pars),  these  Trans.,  x,  p. 
S54.  1000:  Tot.  xi.  pp.  151.  IHl,  pi.  ixx,  Ogs.  2,3,  IBOl.     Vanghan,  op,  cit., 
p.  300,  pi.  liv,  flga.  :,  a,  pi.  ivi,  fig,  1,  1002,     Dnerden,  Mem,  Nat.  Acad., 
vili,  pp.  427,  488,  588-501,  pk,  x»ili,  xiiv,  figs,  150-160. 
This  coral  grows  in  the  same  forms  as  the  last,  but  appears  to  be 
much  less  common  at  Bermuda,  at  least  in  the  places  that  we  visited. 

lOOo 


Fignre  lOOa. — Sidrrastnta  tidtrea,  one-half  of  a  calicle  in  section,  hnt  showing 
expanded  polyp :  from  life ;  c,  c,  septa ;  »,  mouth  end  stomodjenm.  Drawn 
by  the  aathor,  x  about  8. 

It  is  more  restricted  to  the  outer  reefs,  where  it  may  become  large. 
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It  differs  from  the  preceding  mainly  in  faaving  a  larger  number  of 
radial  eepta  (about  46),  which  are  leee  unequal  in  aize  and  thicknese, 
and  in  having  somewhat  larger  calicles,  which  are  commonly  diR- 
tinctly  bounded  by  an  intervening  angular  ridge,  so  that  they  often 
appear  hexagonal  or  polygonal. 

The  living  polyps  of  this,  apparently  in  full  expansion  (fig.  100a), 
as  seen  by  the  writer,  had  small,  tapered,  blunt  or  knobbed  tenta- 
cles, in  four  or  five  rows,  the  inner  ones  largest  and  bilobed,  situated 
about  midway  between  the  mouth  and  margin  of  the  disk.  The 
colors  were  about  as  in  the  preceding  species.* 

Lt  is  an  abundant  West  Indian  reef  coral,  where  it  often  forms 
solid  hemispheres  3  to  6  feet  in  diameter. 

Agaiicia  frogUia  Dans.     Hat  Coral.     Shade  Coral.     Figs.  101,  101a. 

.^tfariria  fragila  Verrill;  theae  Trans.,  xi,  pp.  142,  181,  pi.  ixvi,  &ge.  la~ld, 

1001 ;  The  Zoology  of  Benunda.  i,  niticle  11,  pp.  142,  181,  same  plat«. 
Mycedium  fragile  of  many  authors.    Ponrtalfea,  in  L.  AgaaBil,  Florida  Beefa, 
pi.  li,  flgB.  1-10.  yoang ;  pi.  liii,  figs.  1-S ;  pi.  iW,  figs.  1-9,  details. 

101  ' 


Figure  101.— ^ffnneia  fragilit,  a  apecimen  with  two  primary  calicleB,  probably 

due  to  two  young  specimenB  growing  together ;  about  ^  nat.  siM.     Phot. 

A.  H.  T. 
Fignre  101a.— The  same;  living  polyps  at  and  near  the  margin,  apparently  fully 

expanded,  and  showing  the  minute  tentacles.     Drawn  by  A.  H.  V.,  from  a 

sketuh  by  the  author.     Enlarged. 

•  The  coral  called  Aatrra  siderea  by  Lesnenrfop.  cit.,  p.  288.  pi.  18,  flgs. 
14,  a,  ft,  c),  and  of  which  he  figured  the  polyps,  is  not  of  this  gentui.  It  is  an 
aetroan  coral  with  about  36  abort  tentacles,  in  two  snbmargiaal  series.  If  I 
understand  his  description  of  the  coral,  which  is  rather  ambtgaon^  it  baa  a 
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• 

This  delicate  coral  is  rare  on  the  outer  reefs,  but  is  common  in 
sheltered  situations  on  the  reefs  and  ledges,  especially  in  Harring- 
ton Sound,  where  it  occurs  under  shaded  cavernous  places  in  the 
shore  ledges,  in  very  shallow  water,  and  also  to  the  depths  of  2  to  6 
fathoms  or  more.     It  also  occurs  in  Castle  Harbor. 

When  full  grown  it  may  become  a  foot  in  diameter,  but  large 
specimens  are  nearly  all  irregular.  The  best  formed  are  2  to  5 
inches  in  diameter.  It  is  always  attached  by  a  narrow  but  strong 
pedicel,  so  that  the  thin  edges  of  the  cup  are  usually  broken  in 
detaching  the  coral,  unless  found  in  so  shoal  water  that  it  can  be 
taken  by  hand. 

The  color  of  the  coral,  in  life,  on  the  upper  side  is  usually  choco- 
late brown,  yellowish  brown,  or  purplish  brown  with  pale  radial 
lines;  often  dull  yellowish  brown  below.  The  tentacles  are  whitish, 
very  small  and  short  in  those  that  were  best  expanded  ;  disk  not 
raised  to  level  of  ealicle  rims,  but  possibly  we  did  not  see  them  fully 
expanded;  the  mouth  is  relatively  large,  rounded  or  elliptical. 

Spurious  and  Superfluous  Species, 

On  the  previous  pages  I  have  enumerated  all  the  true  corals  that 
are  known  to  occur  at  Bermuda  in  shallow  water.  Others  may  yet 
be  found  there.  Several  others  have  been  found  in  deep  water,  near 
Beimuda,  and  on  Challenger  Bank,  in  25  to  40  fathoms.  (See  list 
in  these  Trans.,  xi,  p.  182.) 

Certain  species  have  been  erroneously  attributed  to  Bermuda, 
from  various  causes. 

Gregory  erroneously  recorded  Colpophyllia  gyrosa  from  Bermuda 
because  of  his  confounding  it  with  Mussa  fragilis.  He  also  errone- 
ously recorded  Agaricia  agaricites  because  he  confounded  A,  fragilis 
with  it  in  his  synonymy.  Neither  of  these  two  common  West  Indian 
species  has  hitheito  been  found  in  Bermuda. 

Nor  have  any  of  the  varieties  of  Acropora  (or  Madrepora)  muri- 
catOy  though  they  are  often  sold  in  the  curiosity  shops  to  travelers, 
as  if  of  Bermuda  origin.  They  are  all  imported  from  the  West 
Indians  "  for  the  trade,"  especially  variety  prolifera. 


more  or  less  solid  oolamella,  op  else  a  circle  of  close  pali,  which  he  speaks  of  as 
a  central  **  cylinder''  united  to  the  *'  lamellae.''  The  calicles  were  described  as 
prominent  and  the  septa  free  at  the  summit,  rounded,  and  crenulate.  It  maj 
have  been  a  variety  of  Favia  frctgum^  though  the  latter  has  no  solid  columella. 
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Quelch  (Voyage  Challenger,  xvi),  recorded  about  a  dozen  species 
too  many  becaase  he  followed  other  authors  in  regarding  trivial 
variations  in  growth,  etc.  as  true  species.  Most  of  his  errors  of  this 
kind  have  been  corrected  in  the  previous  pages,  especially  those  in 
the  genus  Mussa  (his  IsophyUia  and  LithophyUia)^  and  in  Moeandra 
(his  Mceandrina).  However,  it  may  be  useful  to  add  in  this  place  a 
list  of  the  species  recognized  by  him,  with  their  present  equivalents, 
so  far  as  they  can  be  determined  without  re(^xamination  of  types. 
Thirteen  out  of  the  28  listed  by  him  I  regard  as  synonyms. 


Species  listed  by  Quelch, 

Oculina  diffusa,  p.  47. 

O.  pollens,  p.  48. 

O.  varicosa,  p.  48. 

O.  coronalis,  Bp.  nor.,  p.  49. 

O.  speciosa,  p.  50. 

O.  hemiudensis,  p.  51. 

O.  Valenciennesi,  p.  11. 

Madracis  decactis,  p.  58. 

IsophyUia  strigasa,  p.  82. 

/.  fragiliSf  p.  84. 

/.  australis,  p.  84. 

/.  dipsacea,  p.  84. 

/.  marginata,  p.  85. 

/.  cylindrica,  p.  86. 

/.  Knoxiy  p.  86. 

/.  multilamellar  p.  11. 

/.  spinosa^  p.  11. 

Lithophyllia  cubensis,  p.  11. 

L,  lacera  (non  Pallas,  sp.),  p.  11. 

Diploria  cerebriformis,  p.  90. 

Mceandmna  labyrinthica,  p.  91. 

M.  sinuosissima,  p.  91. 

M.  strigosa,  p.  92, 

Astrcea  ananas,  p.  98. 

A.  coarctata,  p.  98. 

Siderastrcea  galaxea^  p.  118. 

Agaricia  fragilis,  p.  117. 

Pyrites  clavaria,  p.  179. 


Present  names. 

No  change. 
/No' change. 

No  change. 

No  change. 

O.  pallens,  var. 

O.  Valenciennesif  var. 

No  change. 

No  change. 

Mussa  fragilis. 

M.  fragilis. 

M.  fragilis^  yonng. 

M.  dipsacexi. 

M.  multiflora. 

M.  dipsacea  (ahnormal). 

M.  dipsacea,  yoang. 

M,  multiflora  ?,  yonng. 

M.  fragilis, 

M.  fragilis,  young. 

M.  dipsacea,  young. 

Mceandra  labyrinthiformis. 

M.  cerebrum,  var.  strigosa. 

M,  cerebrum. 

M.  cerebrum,  var.  strigosa. 

Favia  fragum. 

F.  fragum,  var. 

S.  radians. 

No  change. 
%P.  porites,  var.  claxaria. 
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Actinaria*;   Sea  Anemones,  etc. 

Actinacea, 

Several  large  and  handsomely  colored  sea  anemones  occur  com- 
monly, both  on  the  outer  and  inner  reefs,  and  some  are  often  very 
conspicuous  when  expanded,  especially  Condylactis  gigantea^  which 
is  one  of  the  largest  and  most  abundant.  It  has  very  long  and  large 
flexible  tentacles,  usually  with  pink  or  purple  tips,  which  are  not 
retractile  when  disturbed. 

*  The  more  important  recent  special  works  relating  to  the  Bermuda  Actinaria 
are  as  follows  :  / 

Andres,  ^.-^Le  Attinie.  Fauna  u.  Flora  d.  Golfes  von  Neapel.  Monog.  ix, 
1883. 

An  admirable  work  on  the  Mediterranean  species.  Enumerates  most  of  the 
Actinians  then  known  from  other  seas. 

Carlgren,  O, — Ost-Afrikanische  Aotinien.  Mith.  Naturhist.  Mus.  Hamburg, 
1900. 

Contains  some  results  of  an  examination  of  the  types  of  Duchassaing  and 
Michelotti. 

Duerden,  J.  E. — Jamaican  Actinaria.  Part  i,  ZoanthsB.  Royal  Dublin Soc.  Trans., 
ser.  2,  vol.  vl,  pp.  329-^76,  plates  xviia-xx  (with  anatomy),  1898 ;  Part  ii, 
op.  cit.,  vol.  vii,  pp.  133-208,  pi.  x-xv,  1900. 

Actinaria  around  Jamaica.     Journ.   Inst.   Jamaica,  vol.  ii,  No.  5,   pp. 

449-465,  1898. 

The  Bidwardsia-%\»%eoi  Lebrunia.    Journ.  Linn.  Soc.  London,  Zool.,  vol. 

xxvii,  pp.  269-316,  pi.  18,  1899. 

Report  on  the  Actinians  of  Porto  Rico.     Ball.  U.  S.  Fish  Com.  for  190O, 

vol.  XX,  part  2,  pp.  321-374,  13  plates.  1902. 

West  Indian  Sponge-incrusting  Actinians.    Bull.  Amer.  Mus.  Nat.  Hist. , 

xix,  pp.  495-503,  4  plates,  1903. 

On  the  Actinian  Bunodiapsis  globulifera  Verrill.    Trans.  linnean  Soc. 


London,  vol.  viii,  part  9,  pp.  297-817,  plates  xxv,  xxvi,  1902. 

Contains  full  anatomical  and  histological  details  of  this  Bermuda  species. 

ErdmanUy  A, — Ueber  einige  neue  Zoantheen.       Jena  Zeitsch.  fur  Naturwissen- 
schaft.,  vol.  xix,  pp.  430-488,  2  plates,  1886. 

Describes  two  unnamed  species  from  Bermuda  with  anatomy. 

Gray,  J.  E, — Spic.  Zool.,  viii,  1825.     Notes  on  Zoanthinte.     Proc.  Zool.  Soc. 
London,  pp.  233-240,  1867. 

EInumerates  the  West  Indian  genera  and  f«pecies. 

Haddon,  A,  C. — Revision  of  the  British  Actiniae.     Part  i.     Sci.  Trans.   Royal 
Dublin  Soc.,  iv,  pp.  297-361,  pi.  xxxi-xxxvii,  1889. 
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Some  of  the  social  actinians  (Zoanthacea)  form  broad  encrusting 
colonies,  several  feet  across.  One  of  the  most  common  {Palythoa 
mammillosa)  is  light  oeher-yellow  and  is  often  very  conspicuous  on 
the  reefs. 


lia  axmulata  (Les.)  Andres.    Ringed  Anemone.    Figs.  102,  108.     Plate 
xxxi,  fig.  2. 

Actinia  annulata  Ijea,f  Jonrn.  Philad.  Acad.  Sci.,  i,  p.  172,  1817. 

Aiptasia  annulata  Andres.     McMurrioh,  Actin.  Bahama  Is.,  p.  7,  pi.  i,  fig.  1; 

pi.  iii,  fig.  1,  1889.    Duerden,  Actinaria  aronnd  Jamaica,  p.  457,  1898. 
Verrill,  these  Trans.,  z,  p.  556,  pi.  ixviii,  fig.  3,  1900.     Dnerden,  Actinaria  of 

Porto  Rico,  pp.  855-858,  pi.  iii,  xi,  xii,  figs.  11,  41,  44,  1902,  anatomy. 

This,  when  full  grown,  is  a  large  and  elegant  species,  with  very 
numerous  (often   over  200)  long,  slender,   tentacles,   covered   with 


HaddoHy  A.  C.  and  Shackleton^  Miss  Alice  M. — Reyision  of  the  British  Actiniae. 
Part  ii;  the  Zoanthe«e.  Sci.  Trans.  Royal  Dnhlin  Soc,  vol.  iv,  ser.  2,  pp. 
609-672,  3  plates,  1891. 

Contains  a  synopsis  of  the  described  genera  and  species  with  anatomical 
details  of  the  English  species.  Ehinmerates  species  from  Bermnda  and  West 
Indies. 

Hertwig,  R, — Report  on  the  Actinaria.     Challenger  Exped.  ZoOl.,  vol.  vi,  1882 ; 

vol.  xxvi,  1888. 
McMurrich,  J.  P. — Contribution  to  Actinology  of  Bermnda.     Proc.  Acad.  Nat. 

Sci.  Philad.,  xli,  1889,  pp.  102-126.  pi.  vi,  vii ;  reprinted  in  Heilprin's  The 

Bermnda  Islands. 

Actinaria  of  the  Bahama  Islands,  W.  I.    Jonrn.  of  Morphology,  vol.  iii, 

pp.  1-74,  pi.  i-iv,  1889.  • 

Notes  on  some  Actinians  from  the  Bahama  Is.     Annals  N.  York  Acad. 


Sci.,  vol.  ix,  1896. 

—  On  some  Irregularities  in  the  nnmber  of  the  Directive  Mesenteries  in  the 


Hexactiniae.    Zoolog.  Bulletin,  vol.  1,  pp.  115-122,  1897. 

Discusses  (p.  120)  the  directives  of  Actinotryx,  which  has  but  one  pair. 

^—^  Report  on  the  Actinaria  of  the  Bahama  Expedition  of  1898.    Bulletin 

Laboratory  State  Univ.  of  Iowa,  iv,  pp.  225-249,  8  plates,  1898. 
The  Mesenterial  Filaments  in  Zoanthus  soeiatus.  Zoological  Bulletin,  vol. 


ii.  No.  6,  1899. 
Verrilly  Addison  E. — Descriptions  of  imperfectly  known  and  new  Actinians. 
Parts  1-5  (86  cuts).     Amer.  Jonrn.  Science,  1898-99. 

Contains  descriptions  and  figures  of  several  Bermuda  species. 

Additions  to  the  Fauna  of  Bermuda.    These  Trans.,  vol.  x,  pp.  555-567, 

1900,  8  plates;  vol.  xi,  pp.  47-52,  pi.  vi,  vii,  ix,  1901. 

Zoology  of  Bermuda,  vol.  i.      Contains  the  two  preceding  papers  as 


articles  5  and  10. 
Many  other  works  are  quoted  below  in  the  synonymy. 
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broken  spiral  bands  or  rings  of  white,  often  a  little  raised  or 
thickened.  Ita  body  or  column  is  sometimes  2  inches  or  more  in 
diameter  and  4  to  6  inches  or  more  high,  while  the  disk  in  full 
expansion  may  be  3  or  4  inches  broad  and  the  longer  tentacles  4  to 
6  inches  long.  Thus  its  total  expanse  may  be  nearly  a  foot,  but  such 
large  examples  are  rare,  while  those  of  half  that  size  are  common. 
In  full  expansion  the  column  is  often  tall  and  narrow.  When  large 
it  is  frequently  so  firmly  attached  in  some  deep  hole  or  crevice  of 
the  reefs  that  it  cannot  be  extracted  entire  without  cutting  away  the 
stone. 


Fignre  103. — Aiptcaia  annulofa.  Disk  and  tentacles  of  a  yonug  epecimeii,  pre- 
served in  formalin,  enlarged;  a,  b,  gouldial  grooves  ;  I-I'"",  six  primary 
tentaolee  j  I,  I*,  directive  tentacles ;  n,  second  cycle  ;  III,  third  cycle ;  IV, 
fonrtb  cycle  ;  V,  fifth  cycle  of  tentacles. 

Fignre  10!). — Teotacles  of  a  larger  specimen  in  formalin,  more  enlarged.  Both 
drawn  by  A.  H.  V. 

The  color  is  somewhat  variable.  Very  often  the  column  is  olive- 
green,  the  disk  paler  green,  with  the  lips  whitish,  especially  at  the 
gonidial  grooves,  and  with  pale  radial  streaks  at  the  bases  of  the 
tentacles  ;  the  tentacles  may  be  pale  green  annulated  with  narrow^ 
raised,  flake-white  rings  or  short  interrupted  spirals  (in  var,  solifera), 
or  they  may  be  pale  translucent  with  separated  narrow  bands  of 
olive-green  or  brownish,*  so  as  to  give  a  beaded  appearance  (var. 
monili/era,  nov.).     Frequently  the  column  is  pale  yellowish  or  light 

■Probably  dae  to  clusters  of  zoozanthella  (see  Duerden,  op.  oit.,  p.  &S6, 
1903.) 
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flesh-color,  specked  with  olive  and  flake  white.  Yellowish  brown 
specimens  also  occur. 

The  tentacles  can  be  contracted  in  length,  but  are  not  retractile, 
so  that  it  can  be  easily  preserved  partially  expanded.  The  raised 
annul!  of  the  tentacles  are  usually  distinct  in  alcoholic  specimens. 

In  some  small  specimens,  preserved  in  formalin  (var.  monilifera)^ 
the  thickened  bands  are  longer  than  thick,  thus  becoming  truly 
bead-like,  and  separated  only  by  narrow  constrictions.  Possibly 
this  may  be  a  distinct  species. 

Many  specimens  of  this  species  do  not  have  the  tentacles  and 
mesenteries^  arranged  in  regular  hexamerous  cycles.  Octamerous 
specimens  have  been  described  by  McMurrich  from  the  Bahamas. 

Hermaphrodite  specimens  have  been  observed  by  Duerden  (1902).* 
Gonads  are  borne  on  mesenteries  of  the  2d  and  3d  cycles  and  some- 
times on  those  of  the  1st  cycle,  except  the  directives.  There  is  no 
distinctly  defined  sphincter  muscle,  though  the  general  musculature 
may  appear  a  little  stronger  at  a  certain  level  than  elsewhere,  per- 
haps due  to  a  stronger  local  contraction. 

Var.  Bolifera  (Lesnenr). 
Actinia  soUfera  Les.,  op.  cit.,  p.  178,  1817. 

The  large  specimen  figured  on  our  plate  xxxi,  fig.  2,  belongs  to 
this  form,  described  by  Lesueur,  but  his  specimens  were  much 
smaller.  Its  distinctive  character  is  the  presence  of  interrupted  flake- 
white  spirals,  usually  not  distinctly  thickened  in  life,  on  the  tentacles. 
Intermediate  states  between  the  spirals  and  the  raised  rings  fre- 
quently occur,  and  hence  the  two  forms  have  been  united. 

This  species  and  the  varieties  are  also  common  in  the  West  Indies. 

Aiptasia  iagetes  (Dnch.  and  M.)  Andres.    White-specked  Anemone,    Figs.  104, 
105,  106. 

TAipiasia,  sp.  McMnrrich,  Proc.  Acad.  Nat.  Soi.  Philad.,  1889,  p.  102,  pi.  vi, 

figs.  1,  2  (anatomy);  Heilprin's  Bermuda  Is.,  p.  106,  pi.  10,  figs.  1,  2.     (May 

be  a  distinct  species  of  Paranthea,) 
Aiptasia  tagetes  McMnrrich,  Actinaria  of  the  Bahama  Is.,  pp.  12-17,  pi.  i, 

fig.  2  (anatomy,  varieties,  etc.),  1889. 
Aiptasia  tagetes  Dnerden,  Actinaria  aronnd  Jamaica,  p.  457,  1898. 
Verrill,  Trans.  Conn.  Acad.,  x,  p.  557,  pi.  Ixvii,  fig.  2,  1900;  vol.  xi,  p.  49, 

pi.  vi,  fig.  6,  1901.    (Var.  bicolor.) 

This  is  one  of  the  most  common  species,  but  does  not  grow  nearly 
so  large  as  the  last.     It  occurs  in  the  crevices  and  under  rocks  and 

*  Dr.  J.  E.  Duerden  has  given  a  very  fnll  account  of  the  anatomy  and  histol- 
ogy of  this  species  in  Actinians  of  Porto  Rico,  pp.  355-858.  His  specimens, 
however,  were  not  full  grown,  though  sexually  mature. 
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dead  corals  on  the  reefs  and  ledges,  bat  is  more  abundant  in  shel- 
tered places  along  the  shores.  It  was  also  found  attached  within 
the  oBcules  of  sponges,  like  the  var.  epongicola  of  McMurrich. 

\ta.  bicolor,  nov.     Figarea  105. 

The  ?nore  common  colors  of  the  column  are  smoky  brown,  pale 
green,  olive-green,  greenish  or  yellowish  brown,  usually  darker  dis- 
tally,  and  often  flecked  wiih  white  spots.  Flesh-colored  specimens 
are  not  rare. 


Fif^n  \fA.—AiptaBia  lagetn,  fnlly  eipanded,  dark-olive  green  T«riety,  rtow- 
ing  two  loDg  directive  tentacles  ;  abuat  natural  size  ;  ac,  acontia  eKtmded  ; 
b,  VST.  bieolor,  one  of  the  teatarAea  more  enlarged. 

Figure  103, — The  aame,  light  flesh-colored  gpecimen  of  varietj  Mcolar,  some- 
what enlarged.     Both  from  colored  drawings  bj  A.  H.  V. 

The  tentacles  generally  correspond  with  the  body  in  color,  but  are 
usually  paler. 

The  lai^r  mesenteries  often  show  ihi-ough  the  sides  as  pale  longi- 
tudinal lines,  and  small  specks  of  brown  or  green  are  usually  present. 
Acontia  are  long,  slender,  white. 

It  occurred  in  abundance  attached  to  floating  leaves  and  twigs  in 
the  edges  of  the  mangrove  swamp  at  "  Fairy  Lands."  It  varies  con- 
siderably in  color  at  this  place,  but  most  had  the  body  pale  olive- 
green,  the  disk  darker  olive-green,  with  while  loop.s  around  the  baaea 
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of  the  tentacle!*,  white  radial  spots,  and  a  white  bar  across  the  disk 
in  line>  with  the  longer  diameter  of  the  mouth  and  very  long  direc- 
tive tentacles.  Other  tentacles  were  pale  grayish  green  with  alter- 
nating half  rings  or  angular  spots  of  white,  interrupted  along  the 
median  line  by  a  narrow  dark  line.  The  tentacles  are  nearly  always 
spotted  on  the  inside  with  angular  or  crescent-shaped  spots  or  half- 
bands  of  flake-white,  alternating  on  opposite  sides,  and  generally 
there  are  two  odd  directive  tentacles,  longer  and  larger  than  the  rest, 
and  in  line  with  the  angles  of  the  mouth ;  these  may  be  nearly  all 
white,  or  at  least  have  a  long  stripe  of  ilake-white  or  rows  of  while 
spots  on  the  inner  surface  for  about  half  their  length,  or  only  one 
may  be  thus  marked.  A  white  stripe  usually  crosses  the  disk 
between  their  bases. 

Acontia,  in  the  form  of  f^lender  white  threads,  are  often  emitted 
from  pores  arranged  in  two  or  three  transverse  rows  a  short  distance 
below  the  tentacles.  The  slender  tentacles  form  several  (3-5)  rows, 
the  inner  longest ;  they  are  contractile  but  not  retractile. 

The  column  of  the  larger  specimens  is  often  2  to  3  inches  high 
and  up  to  1  inch  in  diameter,  with  tentacles  about  1  to  1.5  inches 
long,  but  most  of  those  seen  were  less  than  half  that  size. 

One  nearly  albino  specimen  was  found,  with  the  body  pale  flesh- 
color,  finely  specked  with  flake-white,  bat  the  pale  yellowish  tenta- 
cles still  showed  8-12  crescent-shaped  spots  of  flake-white  and  the 
dark  median  line. 

According  to  McMurrich,  this  species,  as  studied  by  him  at  the 
Bahamas  (1889),  has  no  sphincter  muscle.  Duerden  found  a  very 
feeble  lower  one  in  his  Jamaica  specimens  (1898).  But  McMurrich 
described,  1889  (as  Aiptasia,  sp.),  an  actinian  from  Bermuda  very 
much  like  this  species  in  other  respects,  in  *  which  he  found  two 
sphincter  muscles  quite  distinctly  developed,  which  is  contrary  to  the 
normal  conditions  in  this  genus,  but  has  been  found,  also  by  him,  in 
A.  pallida  of  the  American  coast — a  species  for  which  I  proposed 
to  establish  a  genus  (Paranthea)  in  1869.* 


*  It  is  possible  that  the  Bermuda  species  described  (from  preserved  speci- 
mens) by  McMnrrich  was  really  P.  pallida,  or  a  similar  small  species,  though 
it  has  not  since  been  recognized  there  by  others.  Otherwise  we  must  suppose 
that  A.  tagetes  yaries  to  a  remarkable  extent  in  the  development  of  the  sphinc- 
ter muscles,— from  none  at  all  to  two  distinct  ones.  However  my  figure  106 
represents  a  specimen  that  has  a  strong  constriction  at  some  distance  below  the 
margin,  about  in  the  position  where  the  lower  sphincter  described  by  McMur- 
rich was  situated,  clearly  indicating  the  presence  of  a  somewhat  muscular  band 

Trans.  Conn.  Acab.,  Vol.  J^l,  17  April,  1906. 
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This  species  was  originally  described  from  the  Antilles.  It  has 
been  recognized  as  common  at  the  Bahamas  and  Jamaica. 

It  resembles  closely,  in  form  and  colors,  the  Mediterranean  species, 
A.  diaphana  (Rapp.),  as  figured  by  Andres  (Attinie,  pi.  ii,  figs. 
13-19). 

PhelUa  nifa  Verrill.    Fignres  107,  107a,  108,  108a,  p.  206. 

Trans.  Conn.  Acad.,  x,  p.  557,  pi.  Ixviii,  fig.  4,  1900 ;  vol.  xi,  p.  49,  pi.  vi, 

fig.  4,  1901  (not  fig.  5,  as  there  erroneously  qaoted.)    Mark,  Proc.  Amer. 

Assoc.  Adv.  Science,  p.  [31],  pi.  14,  fig.  25,  1905,  (not  fig.  26,  as  there 

qnoted). 
/  PheUia  clavata  Dnerden,  Ac  tin.  around  Jamaica,  p.  469,  1889,  (non  Duch. 

and  Mich,  nee  Stimp.). 

When  well  grown  and  fully  expanded  this  is  a  handsome  species. 
The  column  is  nearly  always  salmon-red,  brownish  red,  or  terra  cotta, 
largely  covered  with  a  tough  dirty  brown  epidermis.  The  light 
reddish  or  salmon  tentacles  are  elegantly  marked  with  flake-white 
rings  and  hands^  with  M-  or  W-shaped  patches  of  dark  red  or  purple 
near  base  ;  the  disk  is  radially  marked  with  the  same  colors. 

The  tentacles  may  be  flesh-color,  brick-red,  or  dark  red,  and  the 
white  markings  vary  in  form. 

One  curious  variety  {^g,  107)  had  the  disk  and  tentacles  slate- 
gray,  with  almost  black  radial  spots  and  tentacle  bands,  while  the 
body  was  brownish  red.     Var.  nigropicta,  nov. 

The  external  cuticle  usually  ends  distally  in  an  abrupt  often 
flaring  edge,  above  which  the  column  is  brighter  colored  and  often 
partially  translucent,  flesh -color  or  light  red. 


at  that  place.  This  majr  belong  to  the  same  variety  or  species  described  bj 
McMurrich.  I  have  seen  others  with  the  same  constriction,  but  have  not 
examined  them  with  reference  to  the  existence  of  the  two  sphincter  mnecles 
mentioned  by  him.  His  species  also  had  reproductive  organs  on  part  of  the  six 
primary  or  complete  mesenteries. 

However,  it  seems  to  me  desirable  to  keep  apart,  as  a  separate  genus,  those 
species  which  have,  like  pallida,  two  sphincters,  and  for  such  forms  the  generic 
name  Paranthea,  given  by  me  in  1869  (Com.  Essex  Inst.,  v,  p.  822  [8]),  should 
be  retained,  with  pallida  as  the  type,  as  then  given. 

To  combine  in  one  genus  species  with  and  others  without  sphincters  seems 
inconsistent,  considering  the  perhaps  exaggerated  importance  attached  to  this 
anatomical  feature  by  Hertwig,  Carlgren,  McMurrich,  and  many  others,  in  recent 
years,  unless  it  can  be  proved  that  one  and  the  same  species  can  vary  to  this 
extent,  which  is  not  impossible,  in  view  of  the  extensive  variations  now  known 
to  occur  in  the  mesenteries,  siphonoglyphs,  gonads,  etc.  in  many  species  of 
Actinians.     But  this  is  not  yet  proved  for  species  of  Aiptasia, 
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Large  specimene,  in  full  eiteneion,  are  often  3  to  4  inches  long 
and  .75  to  1  inch  in  diameter  of  body,  but  most  are  not  half  that 


Figure  106. — Aiptatia  tagettt  {T),  yonng,  from  a  preierved  specimeu,  Bomewbat 

FigQM  107. — Phettia  rufa,  var.  nigropicfa,  uov.,  not  fallj  extended,  oat.  size 

from  colored  fignrea,  bj  A.  H.  T. 
Figure  I07a. — The  aame,  tot.  rufa,  tenlaclea  enlarged. 


Pignre  108. — Pheliia  rufa,  Gronp  of  polyps  in  different  stataa  of  expansion  to 
show  raristioDB  in  form  :  a-g,  var.  rufa;  k,  var.  nigropMa,  About  f  nat. 
sise.    From  colored  drawing  by  A.  H.  V. 

size.  The  column  can  talte  a  great  variety  of  forms  ;  eometimee  it 
is  elongated  honr-glass  shape,  club-shaped,  or  salver-shape,  or  some 
portion  may  swell  out  into  a  globular  form  on  a  narrow  pedicel. 
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It  was  abundant  under  the  stones  on  tbe  ehoree  of  Castle  Harbor, 
where  there  are  out-flowing  streams  of  salt  water,  and  in  other 
similar  places.     Also  in  crevices  and  under  dead  corals  on  tbe  reefs. 

Aotmia  bermudeotis  Terrill.     Red  Antmont.     Figs.  109,  110,  111. 

Amer.   Joam.   Scieove,  vi,  p.  499,  1898;  Trana.   Conn.  Acad.,  z,   part  S,   p. 

558,  pi.  lnvii,  fig.  7,  1800. 
Diplactia  bermudrniis  McMnnioh,  Proc,   Philad.  Acatl.,  1889,  p.  Ill,  pi.  vi, 

&S».  4.  6 ;  vii,  flgs.  1,  2  ;  reprint  in  Heilprtn'a  Bermnda  Is.,  p.  116,  pi.  10, 

figs.  4^6,  pi.  11,  figB.  1,  3  ;  Annali.  N.  Yorli  Acacl.  Science,  1896,  p.  186,  pi. 

xvii,  flg.  3. 

This  is  one  of  the  most  common  of  the  actinians,"  especially  on 
the  ledges  and  shores.  It  prefers  the  under  sides  of  targe  loose 
stones  and  the  roofs  of  cavernous  places  where  it  can  hang  mouth 
downward.     It  is  often  found  in  such  places  between  tides. 


Figure  100.-— Actinia  bennMdensia,   %  nat.   size.     Phot,  from  life  by  A.  H.  V. 
The  white  specks  are  due  to  loosely  adhering  Band  and  mucas. 

The  body  is  usually  cherry-red,  varying  to  crimson,  brownish  red, 
and  terra  cotta  red,  rarely  yellowish,  or  yellowish  brown.  The 
circle  of  targe,  globular,  bright  blue  acrorbagi  below  the  tentacles 
is  conspicuous  only  in  full  expansion,  for  they  are  often  concealed 


*  The  Btst  epecimens  of  this  speciea  and  of  C.  giganUa  seen  by  me  were 
bniiight  from  Bermnda ative in  1860,  and  eiblblted  at  "The  Aqnarial  Gardens" 
In  Boston,  for  some  time.  It  was  also  collected  by  Ur.  G.  Brown  Goode,  in 
187S.  HaMnrrich.  in  a  recent  paper  (op.  cit.,  1905),  has  definitely  decided  that 
it  iB  tbe  same  aa  his  Diplacti$  bermudmais,  which  was  described  from  badlj 
preserved  specimens.  Therefore  his  genns  Diplactia  miiBt  tie  cancelled.  The 
colored  figare  by  Nortbrop,  from  a  Bahama  specimeu,  referred  to  it  by  licUor- 
rich,  1896,  does  sot  agree  with  the  common  Bermuda  form,  especially  in  its 
darker  color  and  lacking  the  coDBpicnons  bine  acrorhagi.  It  may  be  tbe  form 
here  coUed  tar.  prunieolor. 
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by  the  color.     The  tentacleB  are  brighter  or  paler  red  than  Ibe  body 
and  usually  plain  in  color ;  lips  bright  red  or  carmine. 

This  species  ia  viviparous.  The  young  when  bom  have  well 
formed  tentacles  and  basal  disk,  and  are  red;  some  have  24  or  36 
teutactes  and  are  up  to  5"""  or  more  in  diametei-. 

110 


Flgnre  110. — Aetiaia  bermudentit,  disk  ;  in,  month  with  portion  of  BtomodEeom 

everted  ;  a,  b.  gonidial  grooves. 
Fignre  111. — Actinia  bermndtntia,  about  nat.   size ;  b,  bine  acTorhagi,     By  A. 

H.  V. 

Var.  prunicolor,  nov.     Pntae-colored  Anemone. 

A  peculiar  col  or- variety,  or  possibly  a  distinct  species,  was  found 
at  Castle  Harbor  and  Elbow  Bay,  March,  1901,  by  A.  H.  Verrill, 
who  made  very  good  colored  drawings  of  it.  The  body  was  uni- 
form dark  purple,  prnne-color  or  plum-color.  The  tentacles,  which 
were-longer  than  the  diameter  of  the  disk,  were  a  paler  tint  of  the 
same,  or  pale  carmine  with  lighter  tips,  and  with  a  small  white 
stripe  on  each  side  of  the  base  ;  lips  vermillion. 

Tentacles  do  not  differ  much  in  length  and  form  about  three  mar- 
ginal rows.  No  acrorhagi  were  observed  in  life  ;  they  were  prob- 
ably inconspicuous  in  size  or  color.  Height  of  column,  1,25  inches  ; 
diameter,  1  inch  ;  length  of  tentacles,  1  inch. 

This  agrees  pretty  closely  with  the  colored  figure  of  DiplactU 
bermudeneis  McMur.  from  the  Bahamas  (op.  cit.,  1896,  pi,  svii,  p,  3), 

Actinia  melanaatot  Venill,     Dark-ilai- Anemone.     Fignre  113. 

TraUB.  Conn.  Acad.,  li,  p.  51,  pi.  vi,  figs.  3,  3,  1901. 

This  is  a  rather  rare  species,  usually  found  sheltered  in  deep 
crevices  of  the  reefs  and  ledges.     It  expands  to  about  two  inches 
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iicro§a  the  tentacles,  with  the  body  about  an  inch  in  diameter  and 
two  inches  high.  Tentacles  about  96,  in  the  larger  ones.  The  body 
ia  dark  brown  tinged  with  red.  The  disk  has  a  conspicuous,  centra!, 
stellate  area  of  rich  brown,  with  about  24  tapering  rays,  running 
out  between  the  bases  of  the  24  inner  tentacles,  with  paler  radial 
lines,  and  bordered  with  light  yellow  ;  tentacles  reddish  brown  with 
a  median  paler  stripe ;  mouth  red ;  lips  whitish. 

In  formalin  the  tentacles  are  longitudinally  fluted  and  the  column 
is  covered  with  longitudinal  rows  of  small  elevated  rugee,  due  to 
wrinklings  ;  the  acrorhagi  are  conspicuous. 

This  may  prove  to  be  only  a  strongly  marked  color-variety  of  the 
last,  when  a  larger  series  can  be  obuined,  but  all  those  found  were 
very  uniform  in  color  and  habit. 

It  was  found  in  crevices  of  a  ledge  near  Flatts  Inlet. 


F^are  113. — Actinia  melanagter  (type),   about  natmal  etze.     From  a  colored 
drawing  by  A.  H.  V.,  therefore  too  dark. 

OondyUctis  ^^antaft  Weinlnnd.     Pink-tipped  Anenume.     Fignree  118,  114, 

pi.  XII.  fig.  1,  e  ;  pi.  iiivi,  fig.  1,  13. 
Anlhea  gigantta  Weinland,  Jahreshefte  dea  TA«in8  f.  Tstertlindieohe  Nator- 

kuude,  Wnrttembncg,  18B0,  pp.  38,  44,  pi.  1,  fig.  4  (young). 
Condylactis  passifiora  Dueh.  and  Micbelotti,  Bnpl.  p.  31,  pi.  v,  fig.  7,  1866. 
McMarrich,  Actinaria  Bahama  Is.,  p.  18,  pi.  i,  flg.  3  ;  pi.  iti,  figa.  4-6,  1889  ; 

McMarrich,  Proc.   Aca<i.   Nat.   Sci.,    Philad.,   1889,   p.   104,    pi.   vi,   flg.   3 

(fmBtomy) ;  reprint  in  Heilprin,  Bennnda  la.,  p.  108,  pi.  i,  fig.  3. 
Duerden,  Actinaria  around  Jamaica,  Jotnn.  [net.  Jam,,  ii,  p.  453,  1698. 
Verrill,  Trans.  Conn.  Acad.,  i,  p.  555,  1900  ;  li,  p.  52,  1901. 
Cereaclis  Bahamensin  McMnrrich,  Johna  Hopkins  Dniv.  Circnlar,  viii.  No. 

70,  p.  30,  1889.      Wilson,  loc.  cit.,  p.  38  (abnormal  atomodienm). 


A.  E.  Verrili—  Tha  Bermuda  Islands;  Coral  Reefs.  359 

Thifl  is  tbe  most  abundant  and  conepicuous  of  the  larger  actiuians 
found  on  the  reefs.  It  generally  oocnpies  some  hole  or  crevice  in  or 
between  the  rooks,  in  which  the  body  ia  entirely  concealed,  but  the 
lai^e  and  long,  soft,  waving  tentacles  may  project  4  to  8  inches  or 
more  beyond  the  disk.  When  several  individuals  stand  aide  by  side 
in  a  continuous  wide  crack,  the  long  row  of  crowded  tentacles  pre- 
sents a  very  peculiar  appearance,  for  in  length,  thickness,  general 
color,  and  soft  appearance  they  look  much  like  some  slender- 
branched  sponges.  The  tentacles  are  nsually  swollen  at  base  aud 
often  as  large  as  one'tt  lingers,  or  larger,  and  usually  taper  more  or 
less  regularly  to  the  tip,  but  at  times  tbey  may  be  swollen  and 
thickest  in  the  middle  or  at  the  tips.     Their  color  is  usually  pale 


Figure  IIS. — Condylaclit  yiganlen,  vurietf  witb  pink  tips  to  t«Dtaclea,  about  i 

Fignre  114. — A  tmall  tentacle  enlarged.   Both  from  colored  dnwingB  by  A.  H.V. 

fawn,  dull  brown,  W  grayish,  finely  transversely  lined  with  paler  or 
white  interrupted  wavy  or  zigzag  rings  or  vermiculate  lines  and 
spots,  sometimes  specked  with  whiti-,  and  nearly  always  broadly 
tipped  with  bright  pink,  magenta,  crimson,  or  bright  purple,  below 
which  there-  is  usually  a  pale  or  white  band,  nsually  not  definitely 
limited  proximally.  But  the  terminal  pink  and  white  colors  are 
wanting  in  some  examples,  when  the  white  band  extends  to  the  tip, 
and  sometimes  the  tentacles  are  nearly  plain  yellowish,  greenish,  or 
pale  flesh-color,  witb  lines  of  reddish  specks  and  spots,     llie  body  is 
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generally  bright  red,  varying  from  pale  red  to  carmine  and  dark  red 
and  brick-red  in  different  specimens.  Color-varieties  occur  with  the 
body  orange,  ocher-yellow,  salmon,  pale  yellow,  gray,  or  even  white; 
and  with  corresponding  variations  in  the  color  of  the  tentacles, 
which  are  rarely  entirely  purple,  pink,  or  salmon.  Sometimes  the 
tentacles  are  iridescent.  They  can  contract  much  in  size,  but  are 
incapable  of  retraction.  The  basal  disk  is  generally  dark  red.  The 
surface  of  the  column  toward  the  summit  has  rows  of  more  or  less 
numerous  small,  inconspicuous,  adhesive  suckers,  capable  of  con- 
tracting so  as  to  be  invisible.  They  are  often  deeper  red  than  the 
ground  color  and  surrounded  by  a  whitish  ring,  or  white  specks. 
The  upper  part  of  the  column  is  often  fluted,  due  to  the  swelling  of 
the  intermesenterial  spaces ;  in  such  cases  the  swellings  are  often 
translucent  with  red  pigment  specks. 

The  disk  is  similar  to  the  tentacles,  but  often  has  white  or  red 
radial  lines  or  streaks;  or  it  may  be  entirely  red.  Lips  usually  red 
or  pink  ;  gonidial  grooves  pink  with  white  borders. 

A  very  stix)ngly  marked  color  variety  was  found  by  A.  H.  Verrill, 
in  1901,  living  between  the  rocks  of  the  abutment  at  Mangrove 
Creek,  The  body  was  light  pink,  spotted  with  crimson,  but  the 
tentacles,  which  were  10  inches  long  and  .75  of  an  inch  in  diameter 
when  fully  distended,  were  bright  pea-green,  with  sky-blue  tips, 
which  were  often  swollen. 

A  variety  was  found  at  Bailev  Bav,  in  shallow  w^ater,  in  which 
the  column  was  lemon-color  or  light  orange ;  margin  and  tentacles 
grayish,  the  latter  vermiculated  with  darker  brown  lines ;  tips 
whitish,  no  purple. 

In  life,  there  are  short  rows  of  small  and  rather  inconspicuoos 
suckers  or  verruca  on  the  upper  part  of  the  column,  but  they  are 
usually  indistinct  on  preserved  specimens. 

The  anatomy  was  described  to  some  extent  by  McMnrrich,  1889. 
The  sphincter  muscle  is  diffuse  and  feebly  developed.  AU  the 
mesenteries,  except  the  directives,  are  fertile,  but  those  of  the  last 
cycle  were  incomplete  in  his  s|^ecimens,  which  were  not  full  grown. 

This  s(>ecie$  is  also  found  in  the  Bahamas  and  throughout  the 
We>t  Indies 

There  can  be  no  reasonable  doubt  that  this  is  the  sj^ecies  named 

*j'.-jAt*U'M  by  Dr.  Weiuland  in  1S«»0.     Although  his  note  (op.  cit»,  p. 

W»  and  his  tigure  of  the  young  h;*ve  been  known  to  me  for  many 

yeanj^  auvl  have  been  cv>n>idered  by  me  as  }Hrrt dining  to  this  speciesiy 

I    had,   in   view  of  thi;  scanty  de^oription.  hesitated   to   definitely 
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change  the  name.  However,  I  had,  until  recently,  overlooked  the 
more  definite  description  on  p.  44,  which  makes  it  certain  that  this 
was  the  species  in  view.  The  following  is  a  translation  of  his 
description  : 

"  The  polyp  is  beautiful  dark  red,  with  brown  tentacles  having 
red  tips.  Later  I  found  a  specimen  with  blue  tentacular  tips,  and 
finally  still  another  with  dark  green  tentacles  and  light  green  tips. 
The  diameter  of  the  crown  of  this  anemone  amounts  to  two  feet.  I 
obtained  this  specimen  at  Corail  in  three  fathoms  (18  feet)  of  sea 
deplB." 

Anemonia  elegaoa  Teirill.    Figure  115. 
Trans.  Conn.  Acad.,  il,  p.  50,  pi.  vi,  ^.  5  (not  flg.  4,  as  thare  qnoted),  1901 
Mark,  Proo.  Amer.  Assoc.  Adv.  Science  for  1905,  p.   [31],  pi.  14,  flg,  26    (not 
fig.  25,  as  there  quoted). 

This  is  a  small  graceful  species,  apt  to  be  mistaken  for  the  yonng 
of  the  preceding.  Its  column  is  about  half  an  inch  in  diameter, 
smooth,  without  suckers,  usually  fawn-color  or  yellowish,  tinged 
with  brown  or  orange  ;  tentacles  pale  yellow  to  light  orange  yellow. 


Figure  lis. — Atitmonia  eltgani,  x  H.    Froncolored  fig.  by  A.  H.  V. 

usually  with  pink  tips,  and  a  red  line  behind  and  at  the  sides  of  the 
base,  often  with  a  white  spot  on  front  of  base ;  disk  yellowish  with 
reddish  or  brown  radii;  lips  scarlet  red  or  pink.  Tentacles  change- 
able in  length,  but  not  retractile.  It  occnrs  in  sheltered  spots  and 
under  masses  of  dead  coral. 

Smalt    SUIttte   Anrmoae.      Figares 

Autaelinia  tUlloidra  HcUaT.,  Actinaria  of  Bsbama  Is.,  p.  28,  pi,  i,  flga.  S,  6, 

pi.  iii,  figs.  »-10,  1889. 
AvJactinia  tUUa  I>Derden,  Joora.  Ina.  Jamaica,  ii,  p.  434,  1898. 


262         A.  K  VerriU—The  JBermiida  Islands;  Coral  Jiee/a. 

Bunodella  ateltoidtt  Yemll,  Amer.  J.  Sci.,  vii,  p.  48,  1898. 

Bunodoctu  aUlloides  Tenill,  op.  oit.,  rii,  p.  14S,  note,  1898;  Trana.  Conn. 
Aoad.,  X,  p.  556, 1900. 

Actinoidei  pallida  Verrill,  op.  cit.,  i,  p.  558,  pi.  IzTiii,  ^.  4  (nan  Daerden). 
This  small  species  is  common,  both  upon  the  reefs  and  ledges,  bnt 
prefers  sheltered  spots  or  the  under  surfaces  of  large  stones  and 
dead  corals,  occurring  in  auch  places  even  above  low  tide.  Often, 
also,  found  buried  in  the  sand  up  to  the  tentacles  and  with  many 
bite  of  broken  shells,  etc.,  attached  to  the  suckers  of  the  column, 
and  iu  such  cases  having  the  body  much  elongated  and  slender. 
The  upper  part  of  the  column  is  covered  by  12  or  more  vertical  rows 

tie  116a 


Figure  116.— itunoduclu  stelloidts,  rar.  eatennlata;  a,  elongsted  state  :  h,  con- 
tracted to  Bbort  form  ;  nat,  size ;  c,  a  tentacle  enlsi^ed.  From  sketelieH  by 
tbe  author. 

Figure  118a.— The  same,  var.  canieola,  nov.  From  a  colored  drawing  by  A.  H. 
Verrill. 

of  distinct  Buekei'S,  often  bright  red  in  color,  decreasing  in  size 
downwai-d,  about  6  to  8  in  each  row  ;  tbe  upper  one  in  each  row  is 
larger,  verruciform,  and  marginal.  The  column  may  be  long  and 
slender,  or  contracted  to  a  short  form,  broader  than  high  ;  the  basal 
disk  may  be  expanded  much  beyond  the  breadth  of  the  column. 
Tentacles  slender,  usually  about  36,  in  three  or  more  rows,  longer 
than  diameter  of  disk. 

The  column  may  be  flesh'color,  grayish,  greenish,  yellowish,  or 
milk  white,  often  darker  above  ;  the  verructe  may  be  pink,  red,  or 
white  ;  there  may  be  rows  of  red  spots  or  specks  below  the  lines  of 
!,  partly  continuous  with  them.     The  tentacles  may  be  of  the 
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same  various  colora  as  the  column,  but  paler ;  they  are  most  often 
pale  grayish,  greenish,  or  light  brown,  sometimes  light  pink  or  flesh- 
color.  They  usually  have  a  yellow  or  white  spot  on  each  side  of  the 
base.  The  inner  surface  is  often  (var.  catenulata)  characteristically 
marked  by  a  median  row  or  chain  of  rounded  or  elliptical  flake- 
white  spots,  often  connected  together  by  a  median  narrow  stripe, 
and  clearly  defined  laterally  by  a  continuous  narrow  dark  line  of 
green  or  brown,  on  each  side,  which  usually  persist  in  preserved 
specimens  after  all  other  colors  have  faded.  The  spots  may  be 
transversely  elliptical  when  the  tentacles  are  partly  contracted  and 
sometimes  they  are  nearly  or  quite  in  contact.  In  some  specimens 
these  spots  are  more  irregular  or  not  so  clearly  defined,  and  in  some 
pale  varieties  the  tentacles  appear  to  be  unspotted  (var.  carneola). 

The  disk  is  somewhat  like  the  column  in  its  ground  colors,  but 
pnler.  The  mouth  is  usually  surrounded  by  a  green  or  light  brown 
zone  ;  next  there  is  a  zone  of  white  radial  spots,  bars,  or  lines,  bor- 
dered outwardly  in  many  cases  by  angular  or  V-shaped  brown  or 
green  markings,  which  often  unite  into  a  stellate  zone,  but  in  other 
cases  are  separated  by  white  radial  lines.  The  white  radial  lines  or 
bars  opposite  the  12  inner  tentacles  are  wider  than  the  others,  and 
are  often  defined  by  dark  lines  continuous  with  those  on  the  tenta- 
cles (var.  catenulata).     It  is  viviparous. 

Found  also  in  the  Bahamas  and  Jamaica. 

Var.  catenulata,  nov.    Fignre  116. 

Actinoides  pallida  Verrill,  op.  cit.,  p.  558,  p.  Izviii,  fig.  4  (non  Duerden). 

This  name  is  here  given  to  the  color  variety,  described  above, 
having  a  chain  of  connected,  well  defined  white  spots  bordered  by 
narrow  dark  lines,  on  the  inner  surface  of  the  tentacles.  It  is  the 
most  common  variety  at  Bermuda  and  may  eventually  prove  to  be  a 
species  distinct  from  the  true  stelloides  of  the  Bahamas,  which  was 
not  described  as  having  markings  of  this  character. 

• 

Var.  cameola,  nov.    Figure  116a. 

This  name  is  proposed  for  a  rather  peculiar  color  variet}*^,  obtained 
in  1901,  and  of  which  I  have  an  excellent  colored  drawing  by  A.  H. 
Verrill  (see  fig.  116a). 

The  column  is  light  red  or  flesh-color,  with  longitudinal  rows  of 
bright  or  light  red  spots,  larger  below,  and  with  rows  of  conspicuous 
darker  red  suckers  on  the  upper  part ;  the  tentacles  are  pale  pink. 
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usually  without  distinct  lines  of  spots,  but  with  streaks  of  white, 
light  orange  or  yellow  at  their  bases,  forming  a  nearly  continuous 
discal  zone  ;  inside  of  this  is  a  zone  of  white  radii,  while  the  mouth 
is  usually  surrounded  with  light  green.  In  some  specimens  there  are 
inconspicuous  ovate  or  roundish  spots  on  the  tentacles.  The 
V-shaped  dark  markings  of  the  disk  are  nearly  or  quite  lacking. 

Bunodactis  versus  Cribrina, 

1  do  not  agree  with  McMurrich*  in  adopting  Cribrina  (Ehr.)  as  a 
substitute  for  Bunodes  or  Bunodactis. 

Cribrina  as  established  by  Ehrenberg  (1834)  was  a  composite 
group,  practically  synonymous  with  CereKS  Oken,  1816,  and  there- 
fore should  be  dropped  from  the  system.  Moreover,  the  funda- 
mental generic  character,  as  given  by  Ehrenberg,  was  the  perfora- 
tion of  the  walls,  as  the  vernacular  name  given  by  him  also  implied, 
"sieve  anemones."  He  included  in  \t  polypus  Forsk.,  evidently 
the  only  species  that  he  had  personally  studied,  and  added  such 
other  sagartians,  like  Metridiuniy  Adamsia^  etc.,  as  were  known  to 
him  to  have  perforated  wall^«,  and  such,  beyond  doubt,  should  be 
considered  his  idea  of  the  type.f 


*  Report  on  the  Hexactiniis  of  the  Columbia  Univ.  Exped.  to  Pnget .  Sound 
during  the  snxnxner  of  1896.  Annals  N.'Y.  Acad.  Science,  ziv,  No.  1,  p.  14, 
May,  1901. 

f  Ehrenberg's  first  species  and  two  others  belong  to  the  Bunodes-gronp,  it  is 
true,  bat  he  had  already  established  the  genus  Urticina.  on  a  previous  page,  to 
include  such  forms,  and  his  placing  them  in  his  Cribrina  was  an  error  due  to 
misinterpretation  of  figures,  mistaking  verrucaB  for  pores.  If  Cribrina  were  to 
be  adopted  at  all,  it  should  be  applied  to  a  Sagartian  genua — in  place  of  Adamaia 
(1840)  for  instance,  which  would  be  a  typical  group,  for  three  species  of  that 
genus  were  included  by  him  {effcetaf  polypus,  palliata).  There  is  a  rule  of 
nomenclature  generally  adopted  which  forbids  the  restricting  of  a  genus  to  a 
type  that  contradicts  the  original  generic  diagnosis.  This  has  been  done  by 
McMurrich,. in  this  instance,  as  I  understand  it,  and  without  any  necessity, 
so  far  as  priority  is  concerned.  Moreover,  another  valid  rale  of  nomenclature 
requires  that  the  earliest  restriction  of  the  name  of  such  a  composite  group  (if 
not  done  contrary  to  obvious  rules)  shall  hold  good,  as  having  priority.  Now 
Cribrina  had  been  thus  restricted  long  before  McMurrich  took  it  up  (e.  g.  by 
Grub^,  1840),  with  bellis  as  a  type,  which  was  one  of  the  species  named  by 
Ehrenberg  and  conforming  to  his  definition. 

Professor  Haddon  (Re vis.  Brit.  Actiniae,  i,  p.  823,  1889),  also  definitely 
restricted  Cribrina  to  the  Sagartian  group,  taking  polypus  Forsk.  (=^ejfceta 
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Grube,*  who  first  restricted  the  genus,  placed  under  Crihrina 
three  species  :  C,  bellis,  C,  effoeta  and  C.  carciniapodos  {=paUiata), 
All  these  were  included  in  Cribrina  by  Ehrenberg,  and  all  conform 
to  his  definition  of  the  genus,  in  being  perforate.  Adamsia  was 
established  for  the  last  of  these  in  1840,  and  effoeta  is  included  in 
the  same  genus  by  many,  thus  leaving  bellls  as  the  sole  type,  which 
had  already  been  the  type  of  Cereus  (1815).  C,  effoeta^  however, 
belongs  to  the  genus  CalliactiSy  proposed  by  me  in  1864,  but  not 
deemed  sufficiently  distinct  from  Adamsia  by  many  writers. 

Neither  can  I  agree  with  him  in  uniting  Evactis  and  Bunodosoma 
t6  Bunodactis.  If  that  should  be  done,  however,  Evactis  must  be 
adopted  as  the  name  of  the  larger  genus.  But  its  type,  E,  artemisia, 
is  peculiar  in  having  distinctly  ectacmseous  tentacles, — a  remarkable 
character  for  this  family,  and  as  good  as  most  generic  characters. 
There  is  also  good  reason  to  believe  that  it  has  numerous  definite 
perforations  in  the  upper  part  of  its  column,  as  stated  in  Dana's 
Report,  1846,  through  which  streams  of  water  can  be  ejected  in  life, 
though  McMurrich  did  not  find  them  in  his  strongly  contracted  spe- 
cimens. Pores  known  to  exist  in  other  species  cannot  be  discovered 
in  similar  material  by  sections  hardened  out  of  all  natural  conditions. 

As  for  Bunodosomay  the  non-adhesive  verrucas,  which  differ  his- 
tologically from  those  of  Bunodactis,  afford  a  sufficient  generic 
character. 


Linn.)  as  the  type,  which  would  be  perfectly  logical  if  the  previous  application 
or  restriction  of  the  name  by  Qrub4  could  be  ignored.  Both  these  restrictions 
of  the  oame  not  only  had  priority  over  that  of  McMuirich,  but  they,  unlike  his, 
were  in  accordance  with  the  ordinary  rules  of  nomenclature,  providing,  of 
course,  that  the  name  is  to  be  retained  at  all. 

My  own  view  of  it,  many  years  ago  (1864),  when  I  first  definitely  restricted 
Cereus  (Oken,  1815)  to  belliSf  as  its  unquestionable  type  (which  Haddon  and 
most  others  now  admit  was  correct),  was  that  Cribrinay  after  having  been 
restricted  to  the  same  group  by  Grub^,  as  he  had  the  right  to  do,  should  be 
regarded  as  a  synonym  of  Cereus  and  therefore  should  be  dropped  from  the 
system.  I  still  believe  that  this  is  the  best  and  most  logical  course  to  take,  and 
it  is  in  accordance  with  the  usual  rules  of  nomenclature. 

The  only  other  thing  to  do,  so  far  as  I  can  see,  is  to  adopt  the  genus  with 
polypus  as  the  type,  as  Haddon  has  done,  in  place  of  Adamsia  and  Calliactis  of 
previous  writers.  At  any  rate,  McMurrich^s  recent  action,  in  ignoring  Haddon's 
more  explicit  restriction,  and  applying  the  name  in  a  totally  different  sense, 
cannot  be  sustained,  for  it  violates  rules  of  nomenclature  universally  approved. 

*  Grub^,  A.  E.  Actinien,  Elchinodermen  und  Wtlrmer  des  Adriatischen  und 
Mittelmeers,  p.  12,  Eonigsberg,  1840. 
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Aater&ctia  fltNCulifsra  {Let.)  Verrill.     Ruffled  Anemone.     Figure  117. 

/icKiiia  ;lo5cuit/i!ra  LeB.,  Jonrn.  Acad.  Scf.  PhiUd.,  i,p.  174,  1817 (aot  OalattU 

fioiculifera  Dach.  and  Micb.) 
Oalactia  fatcieuJata  UcMnrrich,  Proc.  Fhilad,  Acad.  Sci.,  188&,  p.  108;  also 

in  Heilprin'e  "  The  Bermuda  Islands,"  p.  113,  pi.  i,  fig.  5  (Bection),  18S9. 
Oulactit  floaeulifera  McMnrrich,  Autinaria  Bahama  Is.,  pp.  56-OB,  pi.  ii,  &g. 

3  (general) ;  pi.  ir,  figs.  13-14  (anatomy),  1886. 
AtUrarlis  flmcali/era  Venill.  Ainer.  Joaru.  3ci.,  vol.  vii,  p.  47,  1899;  Trans. 

Coiiii.  Acad.  Sci.,  I,  p.  573,  pi.  liviii,  fig.  1  (Aclinaetis  by  error),  1900. 
Cr.idactia  faaricutala  McHanicb,   Bepoit  on  Actinin  coll.  by  U.  S.  F.  C. 

Steamer  Albatroaa,  Proc.  U.  S.  Nat.  Hub.,  ivi,  p,  197, 1898. 
ActiTiottttla  fioteuliftra  UcUor.,  Boll.  Hna.  Tnrin.,  zi,  p.  7,  1905. 

This  species  is  common  on  the  eand-flats  in  shallow  water,  where 
it  lives  buried  in  the  sand  up  to  its  broad,  expanded  collar,  but  it  is 
also  found  occasionally  on  the  reefs,  where  sand  collects  in  sheltered 
depressions  under  large  stones.    We  found  it  in  uumerouB  localities.* 


Figure  \Wa.—PhiUia  rafa.  about  |  uat.  bim. 

Figure  \\1  .—Acferactii  ftoaculifera,  about  \  nat.  Blze  ;  6,  three  of  the  peeudo- 
fronds,  enlarged.     Both  from  colored  figures  by  A.  U.  V. 

It  is  easily  distinguished  by  the  wide  collar,  external  to  the  tenta- 
cles, made  up,  in  large  specimens,  of  about  48  pseudofronda, 
appearing  slightly  free  at  their  outer  ends,  where  there  are  two  or 
three  prominent  tubercles;  the  upper  surface  of  each  is  covered  with 

u  the  coltections  made  at  Bermuda  by  lir.  O. 
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irregular  simple  and  lobulated  tabercles  or  verrucae,  arranged  in 
three  or  four  crowded  rows  ;  the  innermost  tubercle  of  each,  situated 
close  to  the  base  of  a  tentacle,  is  usually  simple  and  a  little  larger 
than  the  rest,  like  a  special  acrorhagus,  especially  in  young  speci- 
mens, in  which  it  is  often  conspicuous. 

The  tentacles  are  moderately  long,  rather  slender,  about  48  in  the 
adult  specimens.  The  upper  part  of  the  column  bears  rows  of  dis- 
tinct suckers,  which  do  not  reach  the  basal  portion,  but  disappear 
about  mid -height.  Ordinary  specimens  are  about  2  inches  high  and 
the  column  is  about  1  inch  in  diameter,  but  the  column  can  extend 
to  a  much  longer  form  when  in  its  burrow.  The  width  across  the 
expanded  disk  and  collar  may  be  2  inches  or  more.  The  color  is 
variable,  but  most  commonly  the  lower  part  of  the  column  is  trans- 
lucent flesh-color  or  whitish,  with  the  white  mesenteries  showing 
through  as  pale  lines ;  distally  the  color  grows  darker,  the  upper 
part  often  becoming  orange-brown  or  burnt-umber,  specked  with 
flake- white  and  darker  brown.  The  verrucaB  of  the  pseudofronds 
are  usually  similar  to  the  column  in  color,  but  paler  and  with  more 
white  spots.  One  specimen  had  twelve  radii  of  reddish  brown  on 
the  collar  surface.  Tentacles  usually  translucent  grayish,  greenish, 
or  whitish,  with  obscure  streaks  of  brown,  and  with  transverse 
blotches  and  many  specks  of  flake-white. 

This  species  is  viviparous.  One  specimen,  taken  in  April,  1901, 
when  put  into  formalin,  gave  birth  to  about  a  dozen  well  developed 
young  ones,  from  2  to  G*""  in  diameter  of  column,  as  contracted. 
The  larger  ones  had  the  essential  characters  of  the  adult,  with  12 
to  24  tentacles,  and  with  corresponding  distinct  prominent  acrorhagi, 
repisesenting  the  pseudofronds  of  the  adults,  but  simple,  bilobed,  or 
with  very  few  minute  lobules ;  suckers  of  the  column  were  present. 

It  is  found,  also,  in  the  West  Indies. 

The  colored  figure  of  the  Bahama  form  published  by  McMurrich 
(1889,  pi.  ii,  fig.  2)  does  not  agree  well  with  our  specimens  in 
respect  to  the  pseudofronds,  which  appear  too  wide  and  too  finely 
divided,  perhaps  due  to  inaccurate  drawing.  But  McMurrich,  in  his 
last  paper,  1905,  identifies  the  specimen  with  this  species,  after  a 
reexamination. 

McMurrich  there  adopts  Actinostella  Duch.,  1850,  for  this  genus. 
The  type  of  Duch.  was  A,  formosay  sp.  nov.  But  the  genus  and 
species  were  then  so  imperfectly  described  as  not  to  be  recognizable 
by  subsequent  writers.  Indeed,  in  Duchassaing's  later  work  (Duch. 
and  Mich.,  1860),  neither  the  genus  nor  the  species  is  referred  to. 
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In  the  latter  work  Oulaeiis  formosa  is  described  as  a  new  specieSy 
and  there  is  no  evidence  that  it  was  considered  the  same  as  '^  ActinoS' 
tella  formosa^^  of  1850.  Indeed,  there  is  good  reason  for  believing 
that  they  were  totally  different  things.  Therefore  there  is  no  good 
reason  why  that  obscure  generic  name  should  be  adopted,  for  it  had 
no  definite  diagnosis  and  no  tangible  type.* 

If  Phyllactisy  Oulactis,  and  Asteractis  are  all  congeneric,  as 
McMurrich  maintains,  then  it  would  be  most  correct  to  adopt  the 
first  for  the  whole  group,  for  it  has  precedence,  as  to  the  pages,  and 
has  the  characters  of  the  family  in  the  most  specialized  form.  In 
that  case  the  present  species  should  be  called  Pht/llactis  Jlosculi/era, 
and  the  closely  allied  West  Indian  species  would  be  P.  conchilega. 

But  so  far  as  I  can  judge,  there  is  no  sufficient  reason  for  uniting 
these  three  genera,  at  least  not  until  their  internal  organization  has 
been  fully  studied  comparatively,  for  their  external  differences  are 
greater  than  those  of  the  majority  of  actinian  allied  genera.  Aster- 
actis is  especially  characterized  by  the  comparative  simplicity  of  its 
pseudofronds,  which  are  only  slightly  differentiated  portions  of  the 
upper  column  or  collar,  and  the  tubercles  that  cover  them  are  simple 
or  only  lobulated,  while  the  slightly  free  border  is  due  only  to  the 
projection  of  the  outer  tubercles ;  by  the  adhesive  verrucse  of  the 
column,  confined  to  the  upper  part ;  and  the  narrow  naked  true 
disk,  with  the  true  tentacles  crowded  around  its  margin. f 


*  In  fact,  Edward  and  Haime  even  referred  it  to  their  genus  Cereus,  with  a 
mark  of  donht. 

f  The  type  of  Phyllactis  E.  and  H.  {Metridtum  prcetextum  Dana)  has  a  wide 
collar  consisting  of  large  fronds  that  are  free  for  ahont  one-third  of  their 
length ;  the  free  portion  is  stalked,  digitately  branched  distally,  and  covered 
with  lobes  or  tuberolep,  forming  tme  fronds.  The^'  are  thus  quite  unlike  the 
far  more  simple  pseudofronds  of  Asteractis.  The  verrucn  are  confined  to  the 
under  surface  of  the  fronds,  which  are  separated  from  the  smooth  column  by  a 
groove. 

The  tyx>e  of  Oulactis  (M,  mucosum)  Dana  has  a  very  broad  undulated  disk, 
with  the  tentacles  considerably  scattered,  in  5  or  6  rows.  The  column  is 
entirely  covered  with  vernicfe,  which  are  represented  as  adhesive.  The  fronds 
are  united  nearly  or  quite  to  their  ends,  much  as  in  Asteractis,  but  with  complex 
lobules  on  the  upper  side. 

The  character  of  the  disk,  arrangement  of  tentacles,  and  entirely  verrucose 
body  seem  to  be  characters  of  generic  value,  and  indicate  the  existence  of  inter- 
nal differential  characters  of  greater  importance. 

The  third  species  (Jf.  concinnatum)  of  Peru  is  similar  to  the  last,  as  to  the 
verrucie  of  the  column  and  tubercles  of  the  pseudofronds ;  the  pseudofronds 
have  the  tips  or  terminal  tubercles  free,  but  apparently  not  branched;  probably 
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Lebnmia  Sante  (Dticb.  and  Ulch.}.    GUl-brmina  Anemoin.    Fignres  118,  119. 
Plate  xixii  a,  fig.  2. 

Oulacli*  Dana  Dncb.  and  Mlcb.,  Coral.  AntJl.,  p.  47,  pi.  vi).  Bg.  10,  1860. 

Rhodaclii  Dante  Dncb.  and  Hicb.,  Sopl..  p.  87,  1866. 

Lebrunia  Danit  VorriU,  Amer.  Joam.  ScL,  vii,  p.  48,  Sg.  16,  1809;  Trans. 

Cona.  Acaa..  i,  p.  553,  pi.  Ixrii,  fig.  8  (gill),  pi.  Ixix,  fig.  1,  general,  1900  ; 

vol.  li,  p.  48,  pi.  vi,  fig.  1,  general,  1901. 
Lebrunia  neglecta  (as  LebruRra)  HcHanicb,  Aotinaria  of  the  Bahama  la.,  p. 

88,  pi.  i,  fig.  7  (general),  pi.  lii,  figs.  11-H  (anatomy),  1889. 
Lebmnia  neglrela  Dnerden,  Acliuaria  aronnd  Jamaica,  p.  496,  1898 ;  UcMor- 

rich  {pars),  Bolletino  Una.  Zool.  ed  Anat.  Cotnp.  Univ.  Torino,  xx,  p.  8, 

1905  (deecribed  from  original  type  of  L,  Dana), 

This  IB  a  large  aod  very  curious  Bpeciee,  often  6  to  8  inches  in 
diameter  in  expansion,  not  uncommon  on  the  ledges  and  reefs,  where 


Figure  MB.— Lebrunia  Dana,  f  natural  size.     Phot,  from  lite  by  A.  H.  V. 

it  ie  alwaj-a  firmly  attached  to  the  bottom  of  Bome  deep  hole  or 
crevice,  showing  only  the  disk,  tentacles  and  gills  when  expanded. 
It  can  seldom  be  obtained  entire  without  cutting  away  the  rock. 

they  are  mnch  like  those  of  Ait'Tactii.  It  appears  to  be  nearer  A»ff  metis  than 
either  of  the  others,  but  differs  in  the  wide  naked  disk  and  vermes  extending 
to  the  base  of  the  colnnin. 

As  for  Lophaflit  Verrill,  1867,  also  made  a  synonym  of  Aetinostetta  by  McMnr- 
ricb,  it  was  discovered  by  myself,  many  years  ago,  that  it  was  based  npon  a 
mutilated  specimen  of  an  imknown  organism ;  certainly  not  an  actinian,  nor 
even  an  Anthozoan.  That  name,  therefore,  shonld  be  cancelled.  Yet  its  disk, 
tentacles,  and  "  fronds"  were  remarkably  like  Ph)/"ac'is,  superficially. 

Tranb.  Corn.  Acad.,  Tol.  XII.  18  April,  lOOtf. 
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Its  most  remarkable  feature  is  the  presence  of  large,  haadsome, 
arborescently  much  branched  gills  (aetinobranchias)  or  "pseudo- 
teniacles"  outeide  the  true  tentacles  and  usually  much  exceeding 
them  in  length.  There  are  normally  six  of  these,  but  frequently 
only  four  or  five  are  present.  In  some  cases  this  is  probably  due  to 
injury,  but  some  specimens  appear  to  be  normally  pentamerous. 
Duerden  records  specimens  with  eight.*  These  branched  organs 
usually  bear  numerous  conspicuous,  semi-globular  bodies  {acrorhagi) 
commonly  pale  blue  in  coloi',  but  sometimes  there  are  but  few  of 
them.  The  tentacles  are  very  numerous,  long,  rather  slender, 
tapered,  often  flexuous. 


Figure  119. — Ltbrunia  Dana ;  gill>  contracted  id  formalin,  iietnral  size.     From 
drawing  by  A.  H,  V. 

Some  of  the  larger  specimens  were  8  to  10  inches  across  in  full 
expansion  ;  the  column  may  be  1  to  2  inches  or  more  in  diameter 
and  2  to  6  inches  in  length,  according  to  the  state  of  expansion. 

The  color  is  somewhat  variable.  Perhaps  most  frequently,  the 
column  is  light  brownish  or  fawn-color,  but  it  is  often  dull  greenish 
or  olive.  The  tentacles  and  gills  are  similar  in  color  to  the  body, 
but  usually  lighter  yellowish  brown  or  greenish  brown,  often  flecked 

'  This  may  indicate  an  octamprona  arrangement  of  meaent^riea  and  tentacles 
tn  the  ftdnit,  especially  since  Dnerden  has  shown  that  the  very  yonng  lervm  of 
Lebrvnia  are  trnly  tetramerone  or  oclameiouE  for  a  brief  period.  Some  may 
retain  that  condition  throngh  lite,  as  in  some  other  Acttnians  (see  Dnerdeii, 
The  Edwardsia  aUge  of  the  Aotinian,  Lebmnia,  etc.,  Jonm.  Linn.  Soc.  London, 
ZoOlr^y,  ixvii,  pp.  26&-3ie,  pi.  18,  19,  1899,  where  the  early  at^ea  are  tnlly 
diactused). 
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with  white  and  paler  toward  the  tips  ;  the  acrorhagi  are  often  blue, 
but  sometimes  pale  brownish  or  yellowish  ;  sometimes  they  are 
inconspicuous ;  disk  similar  to  the  tentacles,  but  often  with  paler 
radii,  or  flecked  with  whitish. 

This  species  has  nematocysts  capable  of  stinging  the  hands  of 
some  persons  quite  severely.  The  tentacles  and  gills  are  not  retrac- 
tile. 

One  individual  was  found  in  1901,  with  a  young  one  budding 
from  the  side  of  the  column.  It  is  hermaphrodite  and  viviparous, 
according  to  Duerden.  The  young  are  born  in  much  earlier  stages 
of  growth  than  in  the  preceding  species.  (See  Journ.  Linn.  Soc. 
London,  xxvii,  pp.  269-316,  pi.  18,  19,  1889.) 

We  found  it  at  numerous  localities.  It  is  in  the  collections  made 
at  Bermuda  by  Mr.  G.  Brown  Goode  in  1876,  together  with  Epicys- 
tis  crucifera^  Aiptasia  atmulatay  Condylactis  gigantea^  etc.,  but 
without  notes  or  special  stations. 

McMurrich  has  adopted  the  name  L.  neglecta  (D.  and  Mich.,  1860) 
for  this  species,  or  rather  he  has  united  the  two  forms  under  the 
former  name,  in  his  article  of  1905,  after  studying  and  redescribing 
the  original  type  of  L,  Dance^  preserved  in  the  Turin  Museum.* 
But  as  the  type  of  Z.  neglecta  was  not  found,  his  argument  for 
uniting  them  is  not  very  convincing.  Certainly  I  have  never  found 
any  Bermuda  specimens  agreeing  with  the  one  described  and  figured 
by  McMurrich  from  the  Bahamas  (1898,  pi.  1,  fig.  7). 

But  Duerden's  Jamaica  specimens,  described  as  X.  neglecta^  agree 
well  with  those  from  Bermuda.  The  matter  needs  further  study. 
Possibly  McMurrich's  Bahama  specimen  was  one  that  had  lost  its 
gills  and  was  regenerating  new  ones,  so  that  they  were  not  normally 
developed.  They  not  only  lack  evident  acrorhagi,  but  are  not  more 
than  one-fourth  as  large  as  those  of  similar  sized  Bermuda  speci- 
mens, and  have  far  less  numerous  divisions.  It  is  not  improbable 
that  there  are  two  West  Indian  species  of  the  genus.  Therefore 
it  seems  to  me  better  not  to  unite  them  at  present.     Until  more 

-^  -  — 

*  The  synonymy  of  L.  neglecta  is  as  follows  : 
Lehrunia  neglecta  Dnch.  and  Mich. 
Lebrunia  neglecta  Dnch.  and  Mich.,  op.  cit.,  p.  48,  pi.  vii, .fig.  8,  1860  (young). 

Andres,  op.  cit.,  p.  862  {non  Duerden). 
tActinodactylus  neglectus  Dnch.  and  Mich.,  op.  cit.,  p.  44,  1860  (very  yonng). 
rStauractis  incerta  Andres,  op.  cit.,  p.  225,  1884  (new  name  for  last). 
Lehrunea  neglecta  McMnrrich,  Actin.  Bahama  Is.,  p.  88,  pi.  i,  fig.  7  (general), 

pi.  iii,  fig.  11-14  (anatomy).    Verrill,  Amer.  Jonm.  Sci.,  viii,  p.  48,  1899. 


272         A.  JE.  Verrill — T/te  Bermuda  Islands;  Coral  Reefs, 

specimens  of  the  Bahama  form  can  be  studied  its  relations  mast 
remain  uncertain. 

McMurrich  (op.  cit.,  1905)  preferred  to  adopt  neglecta  as  the  name 
for  the  group  of  united  forms,  on  the  ground  of  priority.  But  the 
two  names  have  the  same  date,  Danm  occurring  on  the  earlier 
page  (47).  Moreover,  McMurrich  has  shown  (1905)  that  the  type 
of  the  latter  is  alone  preserved  in  Turin,  which  is  an  additional 
reason  for  retaining  the  latter  name.  Further,  DanoB  was  originally 
described  from  a  more  adult  specimen,  while  neglecta  was  a  younger 
form  (about  half  an  inch  high).  For  all  these  reasons  Dance  should 
be  preferred  for  the  name,  if  the  two  forms  be  united. 

If  it  can  be  proved  that  Actinodact^lus  Boscii  D.  and  M.,  1850, 
is  the  young  of  Lthrunia^  which  is  very  doubtful,  Actinodactylus 
(1850)  has  priority  for  the  generic  name,  with  A,  Boscii  as  the 
type.* 

Epicystis  emcifera  (Le8.)'Ehr.     Cross-harred  Anemone.    Plate  xxxii,  fig.  1  ; 
Plate  xxziiA,  fig.  1. 

Actinia  crucifera  Lesnenr,  Jonm.  Acad.  Nat.  Sci.  Philad.,  i,  pi.  i,  p.  174, 1817. 
Bpicyatis  crucifera  Ehrenberg,  Corall.  Roth.  Meer.,  p.  44,  1834. 
Phymanthus  crudferus  Andres,  Le  Attinie,  p.  501,  1883. 

*  Actinodactylus  was  defined  by  Duch.  and  Mich,  as  having  the  (5)  branched 
gills  alternating  with  the  (15)  simple  tentacles  in  a  simple  marginal  row.  The 
fignre  reminds  one  of  the  terminal  portion  of  a  siphon-tube  of  some  bivalve 
mollnsca,  or  of  the  tentacles  of  a  holothnrian,  rather  than  of  an  actinian.  If  an 
actinian,  the  branched  gills  are  probably  not  in  the  same  row  with  the  tentacles. 
In  the  second  named  species,  A.  neglectusy  1860,  there  were  30  simple  tentacles, 
so  that  both  were  probably  pentamerons.  Both  were  probably  very  young 
forms,  and  the  descriptions  are  very  imperfect  and  may  be  erroneous.  A  more 
careful  search  for  the  young  forms  of  West  Indian  actinians  would  easily  settle 
this  and  many  other  similar  doubtful  points.  Neither  of  these  forms  is  preserved 
in  the  Turin  Museum.  The  very  young  forms  of  L.  neglecta  described  by  Duer- 
den,  and  considered  by  him  the  same  as  Hoplophoria  coralligens  Wilson,  differ 
much  from  the  type  of  Actinodactylus. 

The  Hoplophoria  had  48  hezamerous  tentacles,  with  four  large,  prominent, 
simple,  but  not  stalked  acrorhagi,  much  as  in  the  young  of  Asteractis.  Although 
having  much  more  numerous  tentacles  than  either  form  of  ActinodactyluSy  the 
acrorhagi  show  no  signs  of  branching,  while  in  the  latter,  with  but  15  tentacles, 
they  are  already  divided  into  numerous  branches  at  the  end  of  a  slender  stalk, 
longer  than  the  tentacles.  Evidently  the  latter  is  in  no  way  connected  with 
Hoplophoria,  whatever  its  relations  to  Lebrunia  may  be.  Hoplophoria^  although 
evidently  young,  had  small  ovaries  on  some  of  the  primary  septa. 

The  young  of  Asteraxitis  flosculifera  also  resemble  Wilson's  species,  for  it  has 
simple,  or  bilobed,  elongated  acrorhagi  or  actinobranchs,  somewhat  as  in  the 
latter,  but  much  smaller.     (See  page  207.) 
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FhymanihyAM  crucifer  McMnrrich.  Actinaria  Bahama  Is.,  p.  #51,  pi.  ii,  fig.  1, 
pi.  iy,  figs.  6-11  (anatomy),  1889.  Duerden,  Actinaria  aronnd  Jamaica,  p. 
452,  1898  ;  Jamaican  Actinaria,  pt.  ii,  p.  139,  pi.  x,  figs.  1,  2,  pi.  xi,  figs.  1, 
2  (anatomy),  1900 ;  Actinaria  of  Porto  Rico,  p.  868,  pi.  iii,  fig.  13,  1902. 

Epicystis  antcifera  Verrill,  Amer.  Joam.  Sci.,  vi,  p.  496,  1898.  McMurrich, 
Bolletino  Mas.  Zool.  Anat.  Comp.,  Turino,  vol.  xx,  p.  12,  1905. 

This  is  also  a  large  and  very  handsome  species,  not  uncommon  on 
the  reefs  and  ledges,  where  the  water  is  apt  to  be  much  agitated. 
It  buries  itself  nearly  up  to  the  tentacles  in  holes  and  crevices  of  the 
rocks,  into  which  it  can  withdraw  when  disturbed.  It  adds  to  its 
ability  to  conceal  itself,  by  fastening  bits  of  broken  shells,  etc.,  to 
the  conspicuous  suckers  on  the  upper  part  of  the  column. 

It  is  also  frequently  found  on  the  sand  flats  in  shallow  water, 
attached  to  a  stone  several  inches  below  the  sand  and  expanding  its 
broad  undulated  or  frilled  disk  on  the  surface  of  the  sand,  where  it 
often  presents  a  very  elegant  appearance. 

When  fully  extended  the  body  of  the  larger  specimens  may  be  6 
to  8  inches  or  more  long  and  2  to  3  inches  in  diameter,  while  the 
disk  and  tentacles  may  expand  to  the  breadth  of  6  to  8  inches,  but 
specimens  of  about  half  these  dimensions  are  much  more  common. 
In  full  expansion  the  edge  of  the  disk  is  usually  curved  into  six  to 
twelve  wavy  undulations,  or  they  may '  become  deep  sinuous  frills  ; 
sometimes  they  disappear  and  the  broad  disk  is  then  usually  con- 
cave, but  changeable.  Occasionally  there  are  only  four  great  undu- 
lations of  the  disk.  The  tentacles,  which  are  very  numerous,  and 
form  three  or  four  crowded  rows,  are  of  moderate  length,  stout  and 
tapered,  but  not  very  different  in  form  or  length.  They  are  generally 
crossed  by  several  raised,  flake-white,  transverse  ridges  or  bars, 
usually  bilobed  or  dilated  at  the  ends,  and  containing  large  batteries 
of  nematocysts.*  Sometimes  these  are  interrupted  along  the  median 
line,  and  frequently  they  are  reduced  in  number,  but  I  have  never 


*  Mr.  Dnerden,  in  his  recent  vork  (Actiniansof  Porto  Rico,  1902,  p.  868)  adopts 
PhymanthusEdw.y  1857,  for  the  generic  name,  and  quotes  Carlgren's  opinion 
that  this  species  is  congeneric  with  P.  loligo,  of  the  Red  Sea,  the  type  of  that 
genns.  Whether  that  be  the  case  or  not  (for  the  difference  is  considerable), 
Epicystis  mast  he  adopted  for  the  American  genus,  on  the  ground  of  priority. 
The  genus  Epicystis  Ehrenherg  was  established,  with  a  hrief  diagnosis,  for  E. 
erucifera  in  1834.  It  was  the  first  of  the  three  species  mentioned  by  Ehrenberg, 
and  the  only  one  that  can  he  considered  typical,  for  the  other  two  belong  to 
genera  preyionsly  established.  Phyn\anth%Ls  was  not  named  till  1857,  and  there- 
fore, if  they  are  to  be  united,  the  Red  Sea  species  must  take  the  name  Epicystis 
loligo  (Ehr.).  But  the  latter  has  clusters  of  papillie  on  the  tentacles,  so  conspic- 
uous that  Ehrenberg  referred  it  to  Actinodendron  Bv. 
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seen  specimens  without  them,  unless  referable  to  the  next  species  or 
subspecies  by  other  characters. 

The  disk  is  covered  with  numerous  unequal  radial  rows  of  small, 
simple  papillas  or  tubercles  of  various  sizes,  the  rows  corresponding 
to  the  tentacles  of  all  but  the  outer  cycles.  The  smaller  are  rounded 
and  wart-like  ;  the  larger,  conical  or  papilliform.  The  column  is 
smooth  below,  but  has  short  rows  of  suckers,  usually  bright  red  in 
color,  to  which  foreign  objects  adhere,  on  the  upper  part.  Each 
row  usually  has  6  to  10  suckers  in  large  specimens,  decreasing  in 
size  below.  The  margin  bears  a  circle  of  rounded  acrorhagi,  each 
one  in  line  with  a  row  of  suckers. 

The  ground  color  of  the  column  is  usually  pale  fiesh-color,  cream- 
color,  or  whitish,  irregularly  striped,  streaked,  on  Hammulated  with 
carmine,  rose-red,  light  red,  or  crimson,  not  unlike  some  varieties  of 
striped  apples  ;  near  the  upper  margin  it  usually  changes  to  gray  ; 
verruca©  bright  red.  The  disk  is  elegantly  variegated  with  several 
colors  ;  the  central  part  is  often  bright  iridescent  green,  beyond 
which  it  may  be  variegated  with  lavender,  russet-brown,  green,  yel- 
low, and  flakcrwhite,  in  various  patterns.  Frequently  the  ground- 
color of  the  disk  is  whitish,  grayish,  or  yellowish  green  ;  while  the 
tubercles  may  be  darker  yellow,  green,  olive,  or  brown.  Th^  basal 
disk  is  usually  light  red.  The  lips  may  be  lavender,  with  white 
gonidial  grooves  ;  inside  of  mouth  often  pink.  The  tentacles  also 
vary  in  colors,  but  usually  correspond  in  color  more  or  less  with  the 
disk  ;  most  commonly  they  are  greenish  or  olive-brown,  with  the 
cross  bars  flake-white  ;  the  white  crossbars  are  often  most  numer- 
ous and  most  distinct  on  the  outer  tentacles. 

The  lips  have  about  24  grooves  on  each  side,  besides  the  gonidial 
grooves,  which  are  strongly  developed. 

When  expanded  in  their  burrows,  the  disk  spreads  out  into  a 
broad  frilled  form,  but  it  can  contract  very  quickly  when  disturbed 
and  retreat  entirely  within  the  burrow,  tliough  the  tentacles  are  not 
retracted. 

It  is  found  throughout  the  West  Indies. 

Subspecies  formosa,  nov.   White-striped  Anemone.    Fig.  120.    PI.  xxxii,  fig.  2. 

Epicystis  osculi/era  Verrill,  Trans.  Conn.  Acad. ,  x,  p.  556,  1900  (perhaps  not 
L^es.i  sp.). 

This  beautiful  actinian  grows  as  large  as  the  preceding  and  has 
the  same  undulated  and  frilled  form  of  the  disk,  and  usually  the 
same  red-streaked  colors  of  the  column.     But  the  tentacles,  which 
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are  in  four  rows,  are  entirely  destitute  of  the  raised  transverse  white 
ridges  or  bars,  so  characteristic  of  crucifera.  Moreover,  the  smooth 
tapered  tentacles  are  usually  fawn-color  or  orange  brown  with  a 
conspicuous  stripe  of  flake-white  on  each  side,  becoming  wider  at 
base  and  running  inward  on  the  disk  as  white  radial  lines  or  streaks; 
on  the  outer  tentacles  the  white  patches  often  meet  around  the  outer 
base  and  extend  about  half  way  to  the  tips.  The  disk  is  colored 
like  the  tentacles,  often  with  an  iridescent  green  tint,  variegated 
with  brown  and  lavender  and  specks  of  white,  and  with  many  white 
radial  lines. 

The  tubercles  of  the  disk  are  small  and  very  numerous  in  each  of 
the  larger  radial  rows  ;  they  are  mostly  small  and  verruciform,  but 
some  are  conical,  papilliform,  or  even  slender  and  clavate.  They 
are  usually  darker  than  the  ground  color  of  the  disk,  but  vary  in 
color. 


Figure  120. — Bipieystis  fonnosa,  Diagrammatio  profile  of  disk  and  tentacles, 
natural  size ;  e,  tubercles  of  disk  ;  a,  acrorhagus  or  larger  upper  verruca  ; 
6,  adhesive  suckers  of  the  wall.     Sketched  from  life  by  the  author. 

The  large  verrucae  or  suckers  of  the  upper  part  of  the  column  are 
bright  red.     They  remain  conspicuous  in  preserved  specimens. 

Although  in  a  former  article  I  described  this  as  a  distinct  species, 
I  have  here  reduced  it  to  a  subspecies  or  variety,  mainly  out  of 
deference  to  the  opinion  of  Mr.  Duerden,  who  claims  to  have  found 
intermediate  forms  at  Jamaica,  though  it  would  seem  that  the  two 
characteristic  forms  are  also  abundant  there,  as  in  Bermuda. 

It  is  quite  possible  that  though  really  distinct,  they  may  often 
hybridize,  and  thus  produce  intermediate  forms,  as  in  the  case  of 
our  two  New  England  starfishes  of  the  genus  AsteriaSy  which  are 
well  known  to  hybridize  where  their  ranges  overlap,  as  in  Vineyard 
Sound. 

In  many  respects  this  agrees  with  the  description  of  Actinia 
osculifera  Les.,  1817,  with  which  I  formerly  identified  it.     The  latter 
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had  similar  colors,  radial  rows  of  tubercles  on  the  disk,  and  verrucse 
on  the  apper  part  of  the  column  from  which  water  could  be  ejected, 
as  in  crucifera,  with  which  Lesueur  himself  compared  it. 

However,  McMurrich  justly  remarks  that  Lesueur  described  the 
disk  tubercles  as  lobed  or  branched,  which  has  not  been  observed  in 
this  species.  But  his  attempt  to  explain  away  the  verrucaa  of  the 
column  as  due  to  an  error  of  observation  on  Lesueur's  part,  he  being 
supposed  to  have  mistaken  accidental  wrinkles  of  the  smooth-walled 
Actinotryx  for  verrucae,  seems  to  me  very  improbable.  They  must 
have  been  conspicuous,  for  they  not  only  ejected  water,  but  sug- 
gested the  name  of  the  species. 

Moreover  Lesueur  was  an  able  and  careful  observer,  well -trained 
in  zoology  for  that  period,  and  an  excellent  zoological  artist,  as  his 
published  figures  show.  In  fact,  he  exceeded  most  zoologists  of  his 
time  in  the  attention  to  all  minor  details  of  the  objects  he  described, 
as  is  shown,  for  instance,  in  his  figures  of  the  anatomy  of  Zoanthus, 
giving  correctly  the  unusual  arrangement  of  the  mesenteries. 

Hence  I  think  we  must  allow  that  the  species  described  by  Lesueur 
had  distinct  suckers  or  verrucae  on  the  column,  of  which  some  were 
perforated,  and  that  the  disk  tubercles  were  lobed  or  branched. 
Moreover,  he  speaks  of  the  marginal  tentacles  as  large. 

Hence  it  seems  to  me  quite  unreasonable  to  assume,  as  McMurrich 
does,  that  he  had  before  him  Actvwtri/x  Sancti'thomce^  which  has  a 
remarkably  smooth  and  lubricous  column,  and  only  very  small  mar- 
ginal tentacles.  It  also  has  a  very  different  style  of  coloration. 
Moreover  its  peculiar  form  surely  would  have  attracted  Lesueur's 
attention,  as  being  quite  unlike  any  species  he  had  previously 
described. 

However,  if  we  eliminate  these  two  species,  I  do  not  know  any 
other  West  Indian  species,  described  by  modern  writers,  to  which 
his  description  could  apply.  Perhaps  it  was  a  species  not  yet  redis- 
covered. We  are  certainly  not  yet  acquainted  with  all  the  West 
Indian  actinians. 

Actinotryx  sancti-thomae  (Duch.  and  Mich.)    Figures  121,  122, 123. 

Actinotryx  Sancti-Thomoe  Dach.  and  Mich.,  Corall.  Antill.,  p.  46,  pi.  vii,  fig. 

2,  1860 ;  Andres,  p.  509,  1860  ;  Dnerden,  Jamaican  Actinaria,  part  ii,  pp. 

148-154,  pi.  X,  figs.  3-6  (general),  pi.  xi,  figs.  8,  4  (anatomy),  pi.  xii,  fig.  8 

(anatomy),  1900. 
Verrill,  Trans.  Conn.  Acad.,  x,  p.  555,  pi.  ixviii,  fig.  5,  1900. 
Rhodactis  Sancti-Thomce  McMurrich,  Actinaria  Bahamas,  p.  42,  pi.  1,  fig.  9, 

pi.  iv,  figs.  2,  3  (anatomy),  1889.     Duerden,  Actinaria  around  Jamaica,  p. 

451,  1898. 
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ShodactU  oieuli/fra  McMnmoh,  ReTinoD,  Ball.  Hue.  Tnrin,  ii,  p.  IS,  1905 

(non  Lea.  ap.). 
This  curious  species  is  commoD  on  the  reefs,  often  living  exposed 
to  the  sarf,  as  well   as  in  sheltered  spots.     It  often  grows  in  large 
groups  or  colonies,  nearly  covering  the  rock  for  a  considerable  area, 

121 


Kgnre  131. — Acttnotryx   tancti-thomrr.      A  Rmall    Bpecimen    full;  expanded. 

Phot,  from  life,  nat.  size.     The  inegnlar  patches  on  the  column  nre  dne  to 

loosely  adherent  macns.     Phot.  A.  H.  Y. 
Fignre  132.— The  aame,  a  larger  Bpecimen,  not  ao  fully  expanded,  {  nat.  aize. 

Prom  colored  drawing  by  A.  H.  V. 

those  in  each  colony  being  of  nearly  one  pattern  of  color,  due, 
without  doubt,  to  the  faet  that  this  actinian  can  produce  young 
asexually,  both  by  direct  fission    and  by  fragmentation  of  the  edges 


Fignre  123. — Actinotryx  taneti-lhoma ;  a,  diagram  of  month  und  disk-tnher- 
cles,  K  S ;  t>,  gTonp  of  marginal  tentacleB,  more  enlarged.  Sketches  from 
life  by  the  author. 

of  the  lobulated  basal  disk.  Therefore  a  concolorons  group  indi- 
cates that  all  in  such  a  group  are  of  one  parentage.  But  there  is 
great  diversity  in  the  members  of  different  groups. 
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•  The  base,  which  is  ofteD  expanded  and  lobulated,  adheres  very 
closely  to  the  rocks,  and  is  very  liable  to  be  injured  in  removal.  It 
sometimes  secretes  an  epidermal  basal  cuticle.  The  body,  in  full 
expansion,  is  narrow  below,  but  spreads  out  toward  the  disk  into  a 
cup-like  or  vase-like  form,  or  even  into  a  broad  salver-shape,  with 
the  thin  rim  of  the  broadly  distended  disk  often  horizontal,  or  even 
reflexed,  and  frequently  undulated.  The  exterior  is  very  smooth 
and  lubricous,  and  when  irritated  it  secretes  a  great  amount  of  tena- 
cious mucus,  but  in  partial  contractions'  the  wall  is  often  longitu- 
dinally lined  or  grooved,  corresponding  to  the  mesenteries,  and 
sometimes  transversely  wrinkled,  but  never  has  verrucse  or  suckers. 
The  broad  disk  may  be  concave  or  convex,  according  to  state  of 
expansion,  and  is  often  flexuous ;  the  mouth  is  generally  raised  on  a 
broad  conical  elevation  ;  the  lips  have  numerous  (48-60)  small  lobes 
and  grooves,  but  no  distinct  gonidial  grooves.  Several  short, 
rounded  or  wart-like  tubercles  surround  the  mouth. 

Then  there  is  a  nearly  naked  smooth  area,  beyond  which  numer- 
ous radial  rows  of  disk-tubercles  run  out  toward  the  bases  of  the 
marginal  tentacles,  but  leave  a  naked  zone  in  front  of  them.  The 
disk-tubercles  vary  in  form  and  size.  Twelve  primary  rows  can 
usually  be  distinguished  by  their  larger  size,  greater  complexity, 
and  often  by  their  white  or  lighter  color.  The  proximal  and  distal 
tubercles  of  the  larger  rows,  and  all  of  those  in  the  smaller  rows  are 
simple,  rounded,  mammiform,  or  verruciform,  and  in  specimens  of 
less  than  an  inch  in  diameter  all  are  usually  simple.  But  in  the 
larger  specimens,  5  to  8  or  more  of  those  in  the  middle  part  of  the 
larger  rows  are  lobulated,  each  bearing  3  to  6,  or  even  8,  irregular, 
short,  blunt,  divergent  digitations  or  lobules,  while  those  more  distal 
become  gradually  smaller  and  simple.  There  may  be  12  to  20  or 
more  in  a  radial  row. 

The  margin  is  thin  and  bears  a  single  row  of  short  simple,  unequal 
tentacles,  in  which  groups  of  one  to  three  larger  ones  alternate  with 
groups  of  three  or  four  smaller  ones,  somewhat  irregularly. 

The  body  is  but  little  contractile,  and  the  disk  cannot  be  enrolled, 
but  may  be  incurved.  The  internal  structure  is  peculiar  in  several 
respects. 

The  color  of  the  column  varies  greatly.  It  is  often  greenish 
brown  below,  becoming  chocolate-brown  or  umber-brown  above,  and 
usually  finely  lined  with  paler,  and  frequently  flecked  with  whitish 
or  pale  spots;  specimens  that  are  olive-green,  purplish,  or  fawn -color 
are  also  common  ;  they  are  usually  paler  near  the  base. 
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The  disk  is  variously  colored  and  variegated.  Common  colors  are 
emerald-green,  lavender,  chocolate-brown,  gray,  and  flake-white, 
often  with  an  iridescent  luster  when  green.  Frequently  the  colors 
are  in  radial  lines  or  stripes.  The  primary  rows  of  tubercles  are 
often  flake-white  or  light  green  on  a  green  ground-color,  or  gray 
with  white  specks,  alternating  with  other  rows  of  lavender-color. 
Toward  the  margin  there  are  often  alternating  radii  of  light  brown 
and  whitish.  Inside  of  mouth  often  light  green,  sometimes  greenish 
brown. 

The  largest  specimens  observed  were  3.5  inches  across  the 
expanded  disk  and  about  2  inches  high  ;  specimens  of  1.5  to  2 
inches  in  diameter  are  not  uncommon.  The  larger  ones  sometimes 
have  2  or  3  mouths  on  the  disk,  indicating  incipient  fission. 

It  is  also  common  in  the  West  Indies. 

Duerden  in  his  work  of  1900  (Jamaican  Actinaria,  pt.  II)  has 
given  an  excellent  account  of  its  anatomy  and  histology,  which  are 
peculiar.  There  is  no  definite  sphincter  muscle,  and  therefore  the 
margin  of  the  disk  and  column  cannot  be  completely  retracted. 
The  mesenteries  are  irregular.  Only  one  pair  of  directive  mesen- 
teries is  usually  developed,  and  there  is  no  distinct  gonidial  groove. 
Nematocysts  are  lacking  in  the  column  wall  and  disk  tentacles,  but 
occur  at  the  tips  of  the  marginal  tentacles.  The  mesenterial  fila- 
ments are  unusually  simple  and  lack  the  ciliated  streaks. 

It  is  viviparous,  but  extrudes  the  young  in  early  stages  of  develop- 
ment.    Duerden  found  it  breeding  in  September. 

In  addition  to  the  preceding  species,  which  are  mostly  common 
and  well  known,*  the  following  species  was  described  from  a  pre- 
served specimen  obtained  by  the  Challenger  expedition  from  the 
"  Reef  of  Bermuda."  It  has  not  been  observed  since  that  time,  so 
far  as  I  know.  There  may,  perhaps,  be  an  error  as  to  the  locality, 
but  it  should  be  carefully  looked  for  on  the  outer  reefs. 


*  Several  species  of  Bermada  actinians  have  not  been  described  above,  because 
they  are  not  ordinarily  found  on  the  reefs.     They  are  as  follows  : 

Cerianthus  natans  Verrill,  Trans.  Conn.  Acad.,  xi,  p.  47,  pi.  ix,  fig.  6,  1901. 

Phellia  simplex  Verrill,  op.  cit.,  p.  48. 

Bunodapsi»  glohulifera  Verrill,  op.  cit.,  x,  p.  659,  pi.  Ixvii,  fig.  4,  1900  ;  Amer. 

Jour.  Sci.,  vii,  p.  146,  fig.  20,  1899.     Duerden,  Trans.  Linn.  Soc.  London, 

vili,  pp.  297-817,  plates  25,  26,  anatomy,  1902. 
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njranthopsiB  longifilis  Hertwig. 

Voyage  Challenger,  Zoology,  vol.  xxvi  [p.  18],  pi.  ii,  fig.  2  (gen.  and  sp.  nov.). 

It  is  a  turbinate  form,  as  contracted,  with  a  small  pedal  disk.  It 
had  about  160  long,  slender,  perforated  tentacles,  in  about  four  rows. 
Wall  of  column  and  collar  smooth.  No  acontia ;  mesenteries  160, 
all  fertile  and  perfect;  no  sphincter.  Height  of  column,  35"";  diam- 
eter of  disk,  70"";  of  base,  40"'";  length  of  larger  tentacles,  40"". 

It  probably  belongs  to  the  Actinidcey  but  in  its  anatomy  it  is 
unlike  an}'  West  Indian  species  known  to  me. 

It  seems  to  most  resemble  Co7idylactis  gigantea, 

Zoanthacea. 

Several  species  of  these  social  or  colonial  actinians  occur  at  Ber- 
muda in  great  abundance,  not  only  on  the  reefs,  but  in  shallow 
water  along  the  shores,  in  small  bays,  and  even  in  tide  pools.  The 
bottom  of  Hungry  Bay,  in  the  spring  of  1900,  seemed  to  be  com- 
pletely carpeted  with  two  or  three  species,  over  large  areas.  One 
of  the  species  abundant  there  was  a  bright  green  Zoanthus,  another 
was  the  larger  yellow  or  orange-colored  Protopalythoa  grandis.  Two 
species  of  Palythoa  occur  commonly  on  the  reefs,  forming  more 
or  less  extensive  pale  yellow  coriaceous  crusts,  often  several  feet 
across.  The  most  abundant  is  P.  mammiUosa,  in  which  the  polyps, 
when  fully  contracted,  sink  eniirely  into  the  ccenenchyma,  so  as  to 
show  little  or  no  prominences.  In  this  the  encrustation  of  white 
sand  is  so  dense  that  the  colonies  can  be  preserved  in  the  dry  state 
so  as  to  retain  much  of  their  natural  form  and  size. 

The  species  of  this  group  are  variable  in  form,  color,*  number  of 
tentacles,  etc.,  and  therefore  they  are  difficult  to  identify,  especially 
when  preserved.  Several  recent  writers  have  endeavored  to  find 
good  specific  characters  in  their  internal  anatomy  and  histology, 
but  so  far  with  little  success,  for  the  internal  structure  seems  to  vary 
quite  as  much  as  the  external.  The  mode  of  growth,  crowding,  and 
even  the  state  of  contraction  give  rise  to  apparent  structural  differ- 
ences,  even    in   a   single  colony.     The   mesenteries   and   tentacles 


*  The  green,  yellow,  hrown,  and  olive  colors,  so  common  in  the  Zoanthacea, 
as  well  as  in  the  coral  polyps,  are  mostly  dne  to  microscopic  nnicellnlar  plants 
(ZooxanthellsB)  living  symbiotically  in  the  tissues,  especially  in  the  cells  of  the 
endoderm,  and  varying  in  relative  numbers  as  well  as  in  color,  thns  oansing 
corresponding  variations  in  the  polyps.  But  they  also  have,  in  many  cases, 
special  pigment  grannies  of  different  kinds  in  the  ectoderm  cells  of  the  disk  and 
tentacles.    (See  p.  210.) 
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increase  by  pairs,  to  the  right  and  left  of  the  directives,  so  that 
they  vary  in  number  up  to  fuU  maturity.  The  number  of  tentacles 
and  mesenteries  in  the  full-grown  polyps  seems  to  be  fairly  constant 
within  rather  narrow  limits. 

The  Bermuda  reef  species  all  have  short  tentacles.  The  species 
with  long  tentacles  mostly  belong  to  Epizoanthus  &aA  Parazoan- 
thus,  and  are  found  chiefly  in  deeper  or  colder  waters. 

ProtopalTthoa  grandia  Venill.    Pigurea  134-128.    Plate  m,  Ag.  3. 

ProUipalythoa  grandia  VeiriU,  Trans.  Conn.  Acad.,  i,  p.  S68,  pi.  Ixvii,  &g.  Q, 

1898. 

This  common  species  is  one  of  the  largest  American  zoanthids. 
It  usually  occurs  in  large  groups,  coated  with  white  sand,  and  united 
together  at  base  by  broad  membranous  expansions,  but  when  the 
clusters  are  small  the  polyps  may  be  united  by  narrow  stolons  (figs. 
134,  12S). 


F^nre  136. — Protcqmljfthaa  grandii.  A  gronp  of  adalt  an<1  jonng,  jellow  vari- 
ety, X 1}  ;  a,  an  adult  poljp  with  64  tentacles,  psrtiHil]'  expanded.  From 
a  colored  drawing  by  A.  H.V.,  from  life. 

The  column  may  be  of  almost  any  form,  according  to  the  place  of 
growth  and  state  of  expansion.  In  many  cases  it  is  short  and  cylin- 
drical, but  spreading  distally  in  expansion  (figs.  126, 127).  Very  often 
it  is  clavate  or  tniro pet* shaped,  narrow  at  base  and  regularly  enlarg- 
ing distally,  as  in  ligs.  125,  128.  In  expansion  the  disk  may  be  flat 
or  concave,  but  when  very  fully  expanded  it  becomes  convex  and 
reflexed,  as  in  figs.  124,  125.  The  length  of  the  column  varies,  in 
adult  polyps,  from  1  inch  or  less  to  3  inches  (20-50°""};  diameter  of 
contracted  summits,  8  to  13""  ;  of  expanded  dinks,  12  to  18°"°.  The 
tentacles  are  numerous,  usually  60  to  68;  sometimes  80  in  the  largest 
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polyps,  rather  abort  and  blunt,  arranged  in  two  alternating  rows. 
Surrounding  the  disk,  outside  the  tentacles,  there  ie  a  circle  of  angu- 
lar pointed  lobes,  usually  white  in  color,  corresponding  to  the  inner 


Figure  1S4. — Protopatythoa  grandu,  tvo  polypi  in  different  atat«e  of  eipannioD, 

about  nat.  iiie.     Drawn  bj  the  aotbor  from  life. 
Pignie  135. — The  same,   a   detached    polyp   with  elongated    column,   slightly 

enlarged.     Drawn  by  A.  H.  V. 
Figure  13T. — The  iaine.     Two  polyps  of  the  uhort  form,  with  white  mar^nal 

lobes  and  ocher-;e11ow  ditik,  expanded,  somewhat  rednced.     Drawn  by  A. 

H.  V. 
Figure  138- — The  same.     Oroap  of  polype,  contracted,  ^  natural  size. 
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circle  of  tentacles,  and  of  the  same  number.  These  show  as  white 
convergent  points  when  the  polyps  are  contracted  and  enable  us  to 
ascertain  the  number  of  tentacles,  even  in  contraction.  In  some 
cases  one  of  the  directive  tentacles  was  longer  and  lighter  colored 
than  the  rest,  and  the  corresponding  marginal  papilla  .was  whiter. 

The  disk  and  tentacles  are  most  frequently  ocher-yellow,  orange- 
yellow,  or  buff,  usually  darker  near  the  tentacles,  and  mostly  marked 
with  brown  or  green  radial  lines  ;  the  whole  disk  may  be  tinged 
with  green  or  olive  ;  lips  whitish  or  pale  yellow.  The  column, 
under  the  sand,  is  usually  buff,  salmon,  or  ocher-yellow. 

Common  on  the  reefs  and  in  sheltered  bays  and  sounds  ;  low- 
water  to  8  fathoms. 

Protopalythoa  Heilpri|ii  Verrill. 

Verrill,  these  Trans.,  x,  p.  560,  1900  (as  Parapalyihoa  by  error). 
QemmaHa  Riisei  {Russi  by  error)   McMurrich,  Proc.  Acad.  Nat.  Sci.  Philad., 
1889,  p.  124,  pi.  vii,  flgs.  7-9  (non  Duch.  and  Mich.). 

This  is  a  much  smaller  species  found  in  small  groups  attached  to 
stones  at  North  Uocks.  Height  of  column  about  25™"  ;  diameter, 
in  contraction,  6  to  7"".  The  column  is  usually  clavate  and  trans- 
versely wrinkled.  Thirty-one  pairs  of  mesenteries  were  found  by 
McMurrich.  The  tentacles  should,  therefore,  be  about  62.  It 
appears  to  be  rare. 

Palythoa  mammillosa  (Ellis  and  Sol.),  Lamz.    Figs.  129,  129a,  130.    PI.  xxz, 
fig.  1,  a. 

Alcyonium  mammillosum  Ellis  and   Solander,  Hist.  ZoOph.,  p.  179,  pi.   1, 

flgs.  4,  5,  1786. 
Palythoa  mammillosa  Lamx.,  Polyp.  Flex.,  p.  369,  pi.  xIt,  fig.  2,  1816;  Edw. 

and  H.,  iii,  p.  804 ;  Dana,  Zoophi  Expl.  Exp. 
Corticifera  flava  Lesneor,  op.  cit.,  p.  179,  1817. 
Palythoa  flava  Dnch.  and  Mich.,  Corall.  Ant.,   1860,  p.  53.      McHurrich, 

Actinaria  Bahama  Is. ,  p.  66. 
f  Palythoa  carihaeorum  Dnch.  and  Mich.,  Corall.  Ant.,  p.  53,  1860. 
Palythoa  cinerea  Dnch.  and  Mich.,  Supl.  Coral.,  p.  47,  pi.  vi,  fig.  8,  1866. 
Corticifera   lutea   Hertwig,  Voyage  ChaU.,  Zool.,  xxvi,  p.  44,  pi.  i,  fig.  6, 

1888  (non  Qaoy  and  G.,  sp.). 
Corticifera  flava  McMnrrich,  Actinaria  Bahama  Is.,  p.  66,  1889. 
Corticifera  glareola  McMurrich,  Proc.  Acad.  Nat.  Sci.  Philad.,  1889,  p.  122  ; 

also  reprint  in  Heilprin's  Bermuda  Is.  {non  Les.  sp.). 
Palythoa  mammilloaa  Dnerden«  Actinaria  of  Jamaica,  p.  859,  pi.  xviiA,  figs. 

7,  8,  pi.  xix,  figs.  1-4,  anatomy,  1889.     Verrill,  Trans.  Conn.  Acad.,  vol. 

X,  p.  564,  pi.  Ixviii,  fig.  7,  1900. 
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This  is  the  most  common  species  at  Bermuda  as  well  as  in  the 
West  Indies.  It  forms  broad,  coriaceous,  pale  yellow  crusts,  due  to 
the  thick  coat  of  calcareous  sand,  on  the  ledges  and  reefs,  both  at 
low  tide  and  in  deeper  water.  These  colonies  are  often  two  to  four 
feet  across  and  from  one-third  to  one-half  an  inch  (8-12°"")  or  more 
in  thickness  when  living,  and  with  a  nearly  smooth  surface  when  the 
polyps  are  entirely  retracted.  But  when  they  expand  they  can  rise 
considerably  above  the  cceneDchyma,  the  projecting  portion  being  3 

130« 


Figure  139. — Paiythoa  mammiUoaa,  part  of  a  colony,  with  some  of  tbe  poljpa 

expanded  :  nal.  size. 
Figure  124a. — The  Bame.     Another  part  of   the  same  colony,  nat.  size.     Both 

phot,  while  livtDg,  under  WHter,  by  A.  H.  V. 

to  5"'"  high,  cylindrical,  or  expanding  toward  the  disk,  conical,  or 
hemispherical  according  to  the  degree  of  expansion  (figs.  129,  130). 

When  dried,  therefore,  these  crusts  sometimes  show  slight  mam- 
milliform elevationB  over  the  polyps,  and  sometimes  depressions,  or 
even  round  openings  (as  in  ocellata  of  Ellis  and  Sol.). 

The  tentacles  are  small  and  short,  about  .Oa""  long,  varying  from 
34  to  40,  but  usually  36  to  38  in  full  grown  polyps.  They  form  two 
alternating  rows,  with  an  outer  circle  of  whitish,  angular,  colnmnal 
lobes,  opposite  the  iuner  circle  of  tentacles  and  of  the  same  number. 
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Tbe  disk  ia  ocher-yellow  or  light  orange -yellow,  with  the  ceDtrai 
part  darker  or  more  brownish,  with  radial  white  lines  or  rows  of 
spots,  and  usually  a  circle  of  smalt  fiake-white  spots  around  the 
mouth.  Tentacles  simitar  to  the  disk,  but  usually  paler,  often 
specked  with  white  at  the  tips,  and  frequently  with  white  specks 
between  their  bases.  But  the  color  may  vary  in  the  same  colony, 
some  of  the  polyps  being  without  white  lips  and  radii  on  the  disk 
and  spots  on  the  tentacles,  while  others  will  have  them. 

The  anatomy  has  been  described  by  McMurricb,  Duerden,  and 
others.  The  internal  structure  seems  to  vary  considerably  in  vari> 
ons  features. 

It  is  common  throughout  the  West  Indies. 


Figors   130.— a,  PaXyVtoa   mammilUaa,   expiuided    polyp ;    b,   P.   grandifiora, 
expanded  polyp.     Both  about  1}  oatoral  mze,  bj  the  author. 

Palythoa  grandmora  Terrill.     Fignres  130,  6,  131,  132.     Plate  in,  fig.  1,  6. 

Palythoa  grandifiora  Ver.,  Trans.  Conn.  Acad.  Sci.,  z,  p.  564,  pi.  Ixviii,  Bg. 
6,  1»00 ;  op.  oit.,  Tol.  li,  p.  52,  pi.  vii,  flg.  2,  1901. 

Cortieiftra  oceilata  McMnrrich,  Proc.  Acad,  Nat.  Sci.,  Philad.,  1869,  p.  120; 
Teprint  in  Heilprin'a  The  Bemmda  Is.  (non  BlIiB  and  Solander  sp.). 

This  is  one  of  the  largest  known  species  of  Zoanthidie.  When  full 
grown  it  forms  broad  but  not  very  thick  crusts,  several  feet  broad, 
but  more  frequently  it  is  found  in  smaller  colonies,  a  foot  or  less  in 
breadth.  In  contraction  the  large  polyps  cannot  contract  entirely 
to  the  level  of  the  ccenenchyma,  but  their  summits  remain  as  promi- 
nent rounded  tubercles  or  mammillce,  10  to  14"""  broad,  on  its  sur- 
face (fig.  131).  In  this  state  the  aummits  of  the  contracted  polyps 
are  eulcated  with  about  26  to  30  grooves,  terminating  in  white, 
angular  points  around  the  disk.  In  espansion  the  polyps  rise  con- 
siderably above  the  ctEnenchyma  (about  15  to  20"""),  and  swell  out 
at  the  summit  into  broad  cup-shaped  or  flower-like  forms,  often 
with  the  disk  flat  or  even  convex,  and  so  broad  that  their  margins 
often  overlap  each  other  in  the  clusters,  entirely  concealing  their 

TaiBB.  CoNB.  Acad.,  Vol.  XII.  IB  Jrira,  IBOfl. 
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bodies  and  the  ccenenchyma.  The  disk  is  14  to  18""°  broad  in  expan- 
sion. The  tentacles  vary  from  52  to  60  in  the  full  grown  [lolyps  ; 
they  are  short,  subequal,  in  two  regularly  alternating  rows,  usually 
dark  yellow  or  dull  orange  with  white  tips.  The  disk  is  also  gen- 
erally some  shade  of  brownish  orange,  with  specks  and  radial  lines 
of  whitish,  lips  usually  white.  The  angular  columnal  lobes,  opposite 
the  inner  tentacles,  are  tipped  with  flake-white,  and  one  in  line  with 
the  directive  tentacles  is  often  larger  and  whiter  than  the  rest. 
Column  and  ccenenchyma,  under  the  coating  of  sand,  is  ocher-yellow, 
pale  orange,  or  orange-brown. 


Flgare  131. — Palythoa   grandiflora,    a   small   colony   partlj  coDtracted,   about 

nat.  size. 
Figure  183.— Tbe  eame,   part  ot  a  lai^r  colony,   slightl;  redaoed.     Phot,  b^ 

A.  H.  V. 

It  was  most  abundant  in  the  course  of  streams  of  salt  water  flow- 
ing out  from  caverns,  etc.,  through  the  rocky  shores,  especially  on 
the  west  side  of  Castle  Harbor.  It  occurred  also  on  the  reefs  and 
in  5  to  8  fathoms.  It  does  not  appear  to  be  known  from  the  West 
Indies. 

The  polyps  of  tbia  species  agree  so  well  iu  size,  color,  and  number 
of  tentaules  with  those  of  Protopalytfioa  grandis,  that  it  may 
naturally  be  suspected  that  they  are  the  same  species  with  diSerenf 
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forme  of  growth,  the  latter  having  no  ctenenchyma  above  the  basal 
Btolona.  Bat  I  found  no  truly  intermediate  forms.  Should  they 
ultimately  prove  to  be  identical,  it  would  probably  be  necessary  to 
unite  the  genua  Protopalythoa  (=  Gemmaria  of  many  authors)  to 
Pali/thoa.*  The  type  of  the  latter  (1816)  was  P.  wjammiifoffo.  ITie 
ouly  tangible  difference  between  the  two  genera  is  the  presence  in 
the  latter  of  a  thick  crust-like  cceneuchynia,  uniting  the  polyps 
together  laterally.  But  in  this  species  they  are  often  united  for  less 
than  half  their  height. 

Zoanthiu  proteiu  TerriU.     Figures  138,  134,  135.     Plate  m,  fig.  1,  c. 
Zoanthua,  sp.  1.  Erdmaim,  op.  oit.,  p.  438,  pi.  iv,  figa.  1,  2,  general,  pi.  t, 

flgs.  1-5,  uiatoniy. 
Zoaathus  Dana  Hertwig,  Toj.  Chall.,  Zool.,  iivi,  p.  8d,  pi.  1,  fig.  1,  1888 

(non  Verrill.  1887). 
fZoanthuii  flo»-mariniu>  HoHurrich,  op.  oit.,  HS8S,  p.  118,  pi.  vii,  figs.  8,  4  ; 

HeUpriu's  The  Bermuda  Is.,  p.  119,  pi.  li,  figs.  8,  4,  1880  (non  Dnch.  and 

Uicb.). 
tZaanlAus  paleheltut  (pars)  Dnerden,  Aut.  of  Porto  Bico,  ISDS,  p.  S39,  pi.  il, 

BgB.  2,  3,  geoeral,  pi.  ir,  flg.  14.  sphluoter  (non  Diich.  and  Mich.). 
Zoanlhtia  praleuf  Verrill,  these  Trsna.,  x,  p.  S6I,  pi.  livii,  figs.  5-3(>,  1900. 

This  is   the   most  common   Bermuda  species  of  Zoanthus.     The 
polyps  are  extremely  variable  in  form  and  height  ;  the  column  may 


Figure  138. — Zoanthun  proUut,  from  same  colony  as  134  ;  a,  two  polyps-  with 
lateral  stolons  and  bads ;  6,  polyps  with  lateral  hnds.  x  about  2.  Drawn 
from  preserved  specimen B  by  A.  H.  V, 

be  short  or  long  cylindrical ;  bottle-shaped  ;  jug-ahaped  ;  club- 
shaped  ;  or  tall,  slender,  trumpet-shaped  ;  all  these  forms  often 
occurring  in  one  cluster  {see  fig.  1-'J4).  The  wall  is  soft,  but  often 
has  dirt,  diatoms,  etc.,  adhering  slightly  to  the  surface,  except  on 

*  Or  else  the  latter  would  need  to  be  restricted  to  species  in  which  the  polyps 
can  be  entirely  withdrawn  into  caliclea  immersed  in  the  ccenenohj^na. 
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the  upper  third  or  fourth  part,  which  is  siaoother  and  naked,  ao 
that  the  surface  is  usually  divisible  into  two  regione,  usually  with  a 
constrictioD  between,  and  with  a  secondary  sphincter  muscle  corre- 
sponding to  it ;  but  this  difference  is  not  always  evident  externally. 

Ill  many  contracted  specimens  small  irregular  verrucffi  and  trans- 
verse rugse  occur  about  the  middle  of  the  column,  where  the  wall 
appears  to  be  thickest.  The  mesenteries  sometimes  show  through 
the  column,  where  thin  distally,  as  longitudinal  lines. 

The  two  sphincter  muscles  agree  well  in  sections  with  the  figure 
of  Erdmann  (op.  cit,  pi.  v,  fig.  2). 

The  polyps  are  united  into  more  or  less  extensive  clusters  either 
by  slender  narrow  stolons,  or  by  flat  expansions  of  ccenenchyma,  or 
directly,  the  buds  often  springing  from  the  basal  regions  of  the 
column,  or  even  from  higher  up  on  the  sides  ;  sometimes  stolons 
also  arise  from  above  the  base  (fig.  133).  These  variations  may  all 
occur  in  one  colony. 

The  polyps  may  be  crowded  or  openly  grouped,  but  seldom  if  ever 
wide  apart,  as  in  sociatua.  According  to  Hertwig  and  Erdmann 
their  Bermuda  specimens  were  hermaphrodite. 

184  18S 


Figure  134, — ZoanUtus  proteu$ ;  part  of  a  large  colooy  in  contraction,  about  ^ 

nnt.  size. 
Fignie  186. — Zoanthtig  proleas;   a,  pednDCDlato  form;  b,  ordinary  forms;  c, 

short  forms,  all  from  one  colonj.      x  t^.     Drawn  by  A.  H.  V. 

Tentacles  numerous,  slender,  usually  48  to  52,  green  or  yellow. 

Color  of  column  distally  is  olive-green,  sometimes  bluii^h  or  tur- 
quoise-blue ;  disk  pale  ochre-yellow,  with  while  specks,  sometimes 
green,  with  paler  radial  lines. 
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Height  of  longest  polyps,  in  contraction,  18  to  24™";  usual  diam- 
eter, 3.5  to  5"™;  height  of  short  forms,  6  to  10"";  diameter,  4  to  6""; 
height  of  average  polyps,  about  10  to  15"";  breadth  of  expanded 
disk,  5-8"". 

At  and  considerably  below  low-tide  mark,  on  the  reefs,  adhering 
to  stones  and  dead  corals  ;  also  in  the  sheltered  bays  and  sounds  ; 
abundant  in  Hungry  Bay  in  shallow  water. 

This  is  the  species  described  by  Erdmann,  op.  cit.,  1886,  p.  438, 
pis.  iv,  y,  with  some  anatomical  details,  and  afterwards  referred 
erroneously  to  Z.  Dance  by  Hertwig.  It  also  resembles  a  species 
described  by  Duerden  under  the  name  of  Z.  pulchellus  {non  Duch. 
and  Mich.)  from  Porto  Rico,  in  1902,  but  not  so  much  the  one 
described  by  him  under  that  name  from  Jamaica,  in  1898.  The 
figure  of  the  sphincter  muscle  given  by  Duerden  is  very  much  like 
that  of  this  species,  as  figured  by  Erdmann,  more  like  it  in  fact 
than  like  that  of  the  Jamaica  pulchellus  figured  by  Duerden  in 
1898,  pL  18a,  ^g.  3.  In  Erdmann's  figure  the  two  sphincter  muscles 
are  both  well  developed,  much  as  in  Duerden's  Porto  Rico  speci- 
mens, which  is  not  the  case  in  the  smaller  Jamaica  form. 

ZoantliuB  Bociatus  (Ellis  and  Sol.?)  Cavier.    Figure  186  {Solandri), 

AcHnia  sociaia  Ellis  (?)  1767,  p.  428,  pi.  xiii,  figs.  1,  2:  Ellis  and  Sol.,  1786, 
p.  5,  pi.  1,  figs.  1,  2.     (Figs,  reproduced  by  Lamonrouz,  Expos.  Meth.) 

f  ZoanthyM  sociata  Lesueur,  Journ.  Aoad.  Nat.  Sci.,  Philad.,  i,  p.  176,  1817. 

f  Zoanthua  Solandri  (color-variety)  Les.,  op.  cit.,  pp.  177,  183,  pi.  viii,  fig.  1 
1817*  (not  of  Duerden,  1898). 


*  Lesueurs  general  figure  of  Z.  ISolandri  (fig.  186),  if  natural  size,  as  most  of 
the  general  figures  in  his  plates  were,  represents  a  much  larger  species  than  the 
one  here  discussed,  for  the  expanded  disk  in  his  figure  is  12°*°>  in  diameter;  con- 
tracted columns,  9-10""  ;  height  of  column,  46"'".  He  gives,  as  a  measure- 
ment, **  length  about  two  inches  ^'  which  agrees  with  the  figure.  As  the  above 
species  agrees  so  well  with  his  type  in  other  respects,  and  no  large  West  Indian 
species  having  similar  characters  is  now  known,  it  seems  most  logical  to  con- 
clude that  his  figure  was  enlarged  to  nearly  double  the  natural  size  (at  least  1}). 
Allowing  for  this,  the  agreement  would  be  very  close.  He  stated  that  it  had  60 
tentacles.  Probably  it  was  a  mere  color- variety  of  his  Z.  sociata  (op.  cit.,  p. 
176),  which  also  had  60  tentacles  and  the  same  form  of  column  and  stolons,  and 
lived  in  the  same  place.  No  measurements  were  given  of  the  latter.  Both  lived 
buried  to  the  tentacles  in  sand,  but  were  attached  by  slender  stolons  in  crevices 
of  rocks  below  the  surface.  The  figure  of  Solandri  by  Duch.  and  Mich.,  1860, 
is  much  like  that  of  Lesueur,  and  similar  in  size  ;  height  40-50""  ;  diameter  of 
expanded  disk  18"*",  and  it  is  stated  to  be  natural  size  ;  the  tentacles  are  short. 

If  both  figures  of  Solandri  are  natural  size,  it  certainly  is  a  distinct  species, 
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Zoanthus  soeiatus  McMonioh,  Actin.  Bahama  Is.,  p.  62,  p].  ii,  fig.  3 ;  pi.  iv, 
figs.  15-18,  1889  (anatomy).  Bnll.  Labr.  Nat.  Hist.  Univ.  Iowa,  iv,  p.  242, 
pi.  iii,  fig.  1,  1898  (anatomy);  Zo5Iog.  Balletin,  voL  ii,  No.  6,  mesenterial 
filaments,  1899. 

Zoanthus  flos^marinus  Dnerden,  Jamaican  Actin.,  part  i,  p.  339,  pi.  xviiA,  fig. 
2,  pi.  xviiiA,  fig.  2,  1898  {non  Dnch.  and  Mich.).* 

Zoanthus  soeiatus  Verrill,  these  Trans.,  x,  p.  561,  1900.  Dnerden,  Actinians 
of  Porto  Rico,  p.  334.  pi.  ii,  fig.  4,  pi.  iv,  figs.  15, 16 ;  pi.  v,  figs.  17-22, 1902 
(anatomy). 

The  polyps  in  this  species  are  pedunculated ;  they  arise  from 
slender  stolons  and  form  open  colonies.  The  column  is  clavate  or 
enlarges  upward  to  the  disk,  in  expansion,  and  at  the  widest  part  is 
about  4  to  5""  in  diameter  ;  expanded  disk,  5  to  8"";  height  usually 
about  20  to  25°". 

The  tentacles  are  about  56  to  60  in  adult  polyps;  they  are  small 
and  rather  slender,  bluish  green,  olive,  or  brown. 

The  disk  is  usually  green,  more  or  less  varied  with  blue,  yellow, 
or  brown.  There  is  sometimes  a  brown  triangular  spot  at  one  or 
both  angles  of  the  mouth  (t.  McMurrich  and  Duerden).  The  column 
is  bluish,  greenish,  or  dark  violet  above,  yellowish  below. 

The  original  figure  of  Z.  soeiatus  in  Ellis  and  in  Ellis  and  Solan • 
der,  if  natural  size,  represents  it  as  a  larger  species  than  the  one  now 
so-called.  Moreover,  one  of  the  polyps  is  represented  as  expanded, 
and  as  having  numerous  long,  slender  tentacles,  like  an  Epizoanthus. 
No  measurements  were  given,  and  therefore  it  is  doubtful  whether 
the  figure  is  natural  size.     If  the  drawing  of  the  tentacles  was  cor- 


eharacterized  hy  its  large  size,  pednncnlate  form,  and  abont  60  short,  conical 
tentacles.  But  the  early  writers  often  measured  and  described  their  species  of 
such  animals  from  the  drawings,  not  from  specimens,  and  it  may  well  be 
donbted  whether  either  figure  is  natural  size,  for  it  is  difficult  to  represent  the 
small  tentacles,  etc.  of  these  forms  without  enlargement.  If  such  a  common 
large  species  exists  in  the  West  Indies,  it  is  remarkable  that  modem  collectors 
have  not  found  it. 

The  species  very  fully  described,  1898,  with  anatomical  details  by  Duerden, 
under  the  name  of  Solandri,  is  a  shorter  and  stouter  species  with  cylindrical 
bodies  and  short  stolons,  similar  to  Z.  proteus. 

*  The  Z.  flos-marinus  of  Duerden,  1898,  had  much  smaller  polyps  than  the 
original  type  of  Duch.  and  Mich.,  and  differed  in  form,  and  in  the  size,  color, 
and  number  of  tentacles ;  the  latter  was  described  as  having  36  tentacles  (the 
figure  shows  40).  The  fios-marinus  of  McMurrich,  1889,  from  Bermuda,  seems 
to  be  my  Z.  proteus.  No  recent  writer  has  noticed  a  large  species  1.5  inches 
high,  with  36  tentacles,  corresponding  with  the  original  flos-marinus. 


A,  E,  VerriU-^'The  Bermuda  Islands;  Carol  Re^s.         291 

rect  it  cannot  represent  this  species,  which  has  much  shorter  tenta- 
cles.* 

The  only  West  Indian  species  of  similar  size,  described  by  later 
writere  as  having  long  slender  tentacles,  like  those  represented  in 
the  plate  of  Ellis,  is  Z.  nobilis  of  Duch.  and  Mich.  (Corall.,  pi.  viii, 
fig.  7),  which  has  about  60  long  tentacles,  their  length,  as  figured, 
exceeding  the  breadth  of  the  disk,  as  in  the  figure  of  Ellis.  The 
polyps  are  clavate,  slender  at  base,  with  narrow  stolons.  If  the 
figure  is  natural  size,  it  is  much  larger  than  the  species  now  com- 
monly called  sociatus,  and  it  may  be  identical  with  the  original 
sociatus  of  Ellis.  But  the  statement  that  it  is  natural  size  may  be 
erroneous  ;  no  measurements  were  given.  However,  as  no  recent 
writer  has  seen  a  species  like  Z.  nobiliSy  and  the  original  description 
is  too  brief  and  indefinite  to  be  of  much  value,  I  have  thought  it 
best  to  leave  the  nomenclature  of  the  present  species  undisturbed, 
awaiting  the  rediscovery  of  Z.  nobilis. 

ZoanthuB  dubius  Lee.    Figures  187,  138. 

Zoanthus  dubius  Les.,  op.  cit.,  p.  176,  1817  {non  D.  and  M.). 

Verrill,  these  Trans.,  x,  p.  662,  pi.  Ixviii,  fig.  8,  1900. 

Zoanthus  pulchellua  Dnerden,  op.  cit.,  1898,  p.  460;  Jamaican  Actinaria,  i, 
p.  841,  pi.  xviia,  fig.  8,  pi.  xviiia,  figs.  8,  4  (anatomy),  1898.  Not  that  in 
Actinians  of  Porto  Rico,  p.  882,  pi.  ii,  figs.  2,  8  (general),  pi.  iv,  fig.  14 
(anatomy),  (non  Dnch.  and  Mich.  sp.). 

The  specimens  referred  to  this  species  have  smaller  and  shorter 
polyps  than  the  two  preceding  8pecies,f  seldom  exceeding  8  to  12™™ 
in  height  and  4"™  in  diameter  of  the  contracted  column.  The 
column  is  usually  more  or  less  cylindrical,  rarely  clavate  ;  it  is  com- 


*  The  source  of  this  drawing  and  of  those  of  several  West  Indian  gorgonians 
with  expanded  polyps,  pablished  by  Ellis,  is  not  known.  Although  they  appear 
to  have  been  made  from  living  specimens,  it  is  not  absolutely  certain  that  they 
were  not  drawn  from  preserved  specimens,  for  some  of  them  have  non-retractile 
polyps.  However,  I  will  venture  to  suggest  that  several  of  those  excellent 
drawings,  reproduced  in  the  plates  of  Ellis,  were  made  from  life  by  Catesby, 
while  he  was  in  the  Bahamas,  where  he  spent  some  time  drawing  the  fishes.  A 
large  part  of  his  collection  is  known  to  have  gone  into  the  museum  of  Sloane, 
who  was  one  of  his  patrons,  and  the  drawings  may  have  gone  to  him  also.  EUlis 
is  said  to  have  made  use  of  Sloane^s  collections,  and  he  may  have  used  his  draw- 
ings also. 

t  Lesuenr  stated  that  the  polyps  of  his  dubia  were  one-third  smaller  than 
those  of  Z.  sociata,  which  it  otherwise  closely  resembled,  though  it  lived  **in 
bunches"  entirely  exposed  ^'in  all  its  parts"  to  the  water;  tentacles  '*very 
numerous";  ''body  cylindric,  pedunculated,  reddish." 
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mooly  divided  into  two  regions  by  a  slight  constriction  above  the 
middle  ;  the  lower  part  usually  increases  in  size  downward  to  the 
base;  its  substance  is  firm;  the  surface  is  longitudinally  sulcated  in 
contraction,  somewhat  rough,  and  usually  covered  more  or  less  with 
foreign  growths  (diatoms,  small  sponges,  etc.).  I'he  distal  portion 
has  a  thinner  wall,  with  a  smooth,  soft  surface,  and  usually  increases 
in  size  upward  to  the  rounded  summit;  which  is  sulcated  in  contrao- 
tion.     The  expanded  disk  is  broad,  often  convex,  7-9°"°  in  diameter. 


188 


h 


Figare  136. — Zoanthia  Solandri  Lea.,  copied  from  Leanenr's  figure,  }  original 

ei£e  of  B)^Te. 
Fiffure  137. — Zoanthus  dubiua  Les.     Two  polyps  of  the  blue  variety,  eipsnded ; 

X  about  IJ. 
Figure  138.— The  same.     Group  of  contritoted  polype,  enlarged  about  2}.     The 

basal  part  of  colamn  is  encrusted  with  living  diatoms,  etc. 

It  forms  somewhat  open  clusters;  the  polyps  are  united  together 
by  a  thin  membranous  basal  expansion,  or  by  wide  thin  stolons. 
Sometimes  the  colonies  are  of  considerable  extent. 

The  tentacles  are  short  and  vary  from  about  40  to  52. 

According  to  Duerden  the  lower  part  of  the  column  is  usually 
pale  buff,  while  the  upper  part  is  ollve-bhie;  disk  bright  green  with 
lighter  radial  lines,  sometimes  pale  green  or  yellow;  lips  often  pink, 
sometimes  red  or  yellow;  sometimes  a  dark  triangular  spot  at  each 
angle  of  the  mouth. 

Some  of  our  specimens  {as  the  one  represented  by  fig.  137)  were 
bright  turquoise -blue  all  over  the  column;  disk  bluish  green,  or  pale 
blue  with  green  radii;  lips  reddish;  tentacles  40-44,  outer  row  green, 
inner  ones  bright  blue.  The  cluster  represented  in  fig.  138  had  the 
column  olive-green  distally;  disk  pale  ocher-yellow.  Lesueur's  type 
had  the  disk  green;  mouth  and  tentacles  yellow;  body  reddish. 


A.  E,  VeiTiU — 77ie  Bermuda  Islands;  Coral  Reefs.         293 

This  species,  very  fnlly  described  anatomically  by  Duerden,  seems 
to  me  to  agree  better  with  the  original  dubia  than  any  other  known,* 
and  should,  I  believe,  take  that  name.  The  dubius  of  Dach.  and 
Mich.,  1860,  appears  from  the  figure  to  be  a  larger  and  stouter 
species,  more  like  Z,  proteusy  but  they  gave  no  description,  not  even 
.of  the  colors  or  number  of  tentacles,  nor  any  measurements.  Their 
pulcheWis  is  probably  Z.  nymphcBa  Les.  The  Z.  pulchdlus 
described  from  Porto  Rico,  1902,  by  Dr.  Duerden  appears  to  be 
my  Z.  proteuSy  (see  above,  p.  289),  but  that  of  his  previous  papers 
is  probably  Z.  dubius. 

IsanruB  tuberculatus  Gray.    Figures  189,  140. 

Isaurus  tuberculatus  Gray,  Spioil.  Zoolog.,  p.  8,  pi.  6,  fig.  8,  1828;  op.  cit. 

1867,  p.  234. 
Zoanthus  tuberculatus  Dnoh.,  Anim.  Bad.,  p.  11,  1850.     Dncb.  and  Mioh., 

Corall.  Ant.,  p.  827,  pi.  viii,  fig.  5,  1860. 
Antinedia  tuberc\ilata  Dnch.  and  Mioh.,  Snpl.,  p.  186,  pi.  tI,  figs.  2,  8,  1866. 
Antinedia  Duchassaingi  Andres,  p.  880,  1878. 
Mammillifera  tuberculata  McMnrrich,  Proc.  Aoad.  Nat.  Sci.,  Philad.,  p.  117, 

1889,  pi.  vii,  figs.  5,  6 ;  reprint  in  Heilprin^s  Bermuda  Is. 
Jsaurus  Duehaasairigi  McMnrrioh,  Notes  on  Aotinians,  p.  190,  pi.  xvii,  figs. 

6-8.     Duerden,  Jamaican  Acttnaria,  p.  346,  pi.  xyiia,  fig.  4  (general),  pi. 

xviiia,  figs.  5,  6  (anatomy),  1898 ;  Actinians  of  Porto  Rico,  p.  886,  pi.  ii,  fig* 

5,  pi.  yi,  figs.  28-25,  pi.  vii,  Qg.  26,  1902  (anatomy). 

This  species  is  usually  found  growing  solitary  or  in  small  groups 
on  the  reefs,  or  united  by  basal  stolons  into  small  colonies  of  3  to  5 
individuals.  The  column  is  usually  curved  to  one  side  or  crooked. 
It  is  easily  recognized  by  its  firm  consistency,  translucency,  and  by 
the  more  or  less  prominent  tubercles  which  cover  the  upper  part  of 


*  Probably  other  species  of  Zoanthus  occur  at  Bermuda  which  I  have  not  met 
with,  but  all  my  species  seem  referable  to  the  three  species  given  above.  Bat  I 
did  not  make  any  special  search  for  small  forms.  I  have  given  a  provisional 
analytical  table  of  the  West  Indian  and  Bermuda  forms  usually  recognized  as 
distinct  species  in  a  former  article  (these  Trans.,  vol.  x,  p.  566,  1900).  I  should 
remark  that  I  have  now  reduced  the  species  there  griven,  by  the  union  of  Solan- 
dri  to  sociata  ;  and  pulchella  to  dubia.  Also  that  the  measurements  there  given 
for  Solandri  were  taken  from  the  figure,  which  was  probably  considerably 
•nlarged.  All  the  species  need  a  thorough  study,  with  numerous  living  colonies, 
in  order  to  determine  the  limits  of  their  variation,  as  well  as  a  very  much  more 
extended  study  of  their  anatomy  by  sections,  than  they  have  yet  received.  Large 
series  of  sections  should  be  made  from  polyps  known  to  be  certainly  of  one 
species,  in  order  to  know  how  much  the  internal  structure  may  vary.  Too  often 
writers  have  depended  on  sections  of  actinians  made  from  only  one  or  two 
specimens,  and  have  been  much  misled.  We  now  know  that  the  internal  struc- 
ture often  varies  widely. 
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the  column,  especially  on  the  convex  side,  but  these  are  sometimea 
nearly  obsolete  in  small  specimens.  A  circle  of  about  10  to  12 
tubercles  surrounds  the  infolded  portion  of  the  summit  in  contrac- 
tion ;  the  summit  is  covered  by  numerous  convergent  sulcatione. 
The  greater  pari  of  the  column  is  covered  with  longitudinal  and 
transverse  sulcations,  most  conspicuous  in  strongly  contracted  alco- 
holic specimens  ;  the  tubercles  are  lacking  on  the  concave  side  and 
toward  the  base.  The  column  is  translucent,  so  that  the  mesenteries 
show  through  the  wall.  The  tentacles  are  about  40  to  46.  Perfect 
mesenteries  about  20.     Height  20   to  JO"""  ;    diameter  of  column 


Fignre  139. — liaunti  tubereulatut,  smoother  var.,  contracted,      x  Ij. 

Figure  140, — The  same,  ronghsr  var.,  stroDgl;  contracted,  x  l^.  Drawn  by 
the  aatbor  from  preserved  specimens. 

Figare  141. — f^raxoanthus  parasiticus,  J  nat.  Bwe :  a,  parasitic  on  "tube- 
sponge  "  ;  6,  parasitic  on  Hircina  t    Phot.  A.  H.  V. 

usually  8  to  10°""  in  contraction.  Our  best  specimen  is  40"'°  high 
and  9"°  in  diameter  as  contracted;  it  is  much  smoother  than  some 
of  those  figured.  It  differs  generically  from  Zoanthus  chiefly  in 
having  but  one  sphincter  muscle  instead  of  two.  The  color  of  the 
column,  disk,  and  tentacles  in  life  is  buff  or  ocher-yellow.  It  is  not 
uncommon  on  the  Bermuda  reefs  and  is  also  found  throughout  the 
West  Indies. 

McMurrich  considered  the  Bermuda  form  (as  ttiberculatua)  a 
species  distinct  from  that  of  the  Bahamas.  To  me  the  differences 
noted  seem  to  be  individual  variations. 
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Parasoantliiis  parasiticus  (D.  and  M.)-    Verrill.    Figure  141. 

Zoanthus  parasiticus  Dach.  and  Mich.,  Corall.  Antill.,  p.  50,  pi.  viii,  figs.  3, 

4,1860. 
Parazoanthus  parcuiticus   Verrill,    Trans.   Conn.   Acad.,   x,   p..   560,   1900. 

Daerden,  Amer.  Mas.  Nat.  Hist.,  xix,  p.  500,  pi.  xlv,  1908. 
Parazoanthus  separatus  Daerden,  Jamaican  Actinaria,  pt.  ii,  Trans.  Royal 

Dublin  Soc.,  vii,  p.  197,  pi.  x,  figs.  12,  18,  pi.  xUi,  fig.  8,  pi.  xiv,  fig.  4, 1900, 

anatomy. 

This  minute  species  is  frequently  found  parasitic  on  the  tubular 
sponge  {Tuba  OT  SpinoseUa  sororia).  The  disks  show  at  the  sur- 
face of  the  sponge,  when  dried,  as  small,  circular,  about  12-rayed, 
stellate,  and  mostly  separated  spots,  1.5  to  2°*'^  in  diameter,  more  or 
less  scattered  over  the  surface.  It  also  occurs  on  a  species  of  Sir- 
cina,  and  probably  on  various  other  species. 

In  life  it  rises  above  the  sponge  in  expansion  about  4"'° ;  diameter 
of  disk  about  3^^  ;  its  column  is  then  quite  translucent.  It  has 
about  24  to  26  small  alternating  tentacles,  which,  like  the  disk,  are 
pale  brownish  in  life;  column  in  contraction  whitish,  from  enclosed 
white  sand,  etc.  Dr.  Duerden  (1900)  has  published  a  very  full 
account  of  the  anatomy  and  histology  of  this  species.*  It  appears 
to  be  the  species  very  poorly  described  by  Duch.  and  Mich.,  1860. 

Undetermined  species  of  Zoanthacea, 

No  doubt  several  other  species  of  this  and  allied  genera  will  l>e 
found  at  Bermuda.  My  notes  indicate  some  of  which  I  did  not 
obtain  sufiicient  material. 

One  of  these  is  a  form  found  entirely  free,  and  somewhat  resem- 
bling an  JSdwardsia  externally.  It  was  16™"*  long  in  contraction  ; 
diameter  3"".  The  wall  was  thin,  but  tough,  brownish,  with  20  to 
24  slight  sulcations,  the  ridges  having  minute  papillae  distally.  Ten- 
tacles minute,  about  24  counted,  but  they  were  difiicult  to  observe, 


*  Dr.  Dnerden  in  his  later  paper  (1908)  also  descrihes  the  anatomy  of  Bergia 
catenularis  Dnch.  and  Mich.,  which  has  the  same  parasitic  hahits  and  mode  of 
growth.  He  places  it  in  PtirazoanthuSf  hot  if  it  he  congeneric  it  will  he  neces- 
sary to  adopt  Bergia  as  the  generic  name  for  the  whole  gronp,  on  the  ground 
of  priority,  for  although  the  original  diagnosis  was  nearly  worthless,  the  type 
species  is  easily  recognizahle.  However,  Dr.  Dnerden  points  ont  important  stmc- 
tnral  differences,  quite  sufficient,  in  my  opinion,  to  require  generic  separation. 
He  states  that  the  type  species  of  Bergia  lacks  a  distinct  sphincter  muscle  and 
also  lacks  the  ciliated  hand  of  the  mesenterial  filaments,  hoth  of  which  are 
present  in  genuine  species  of  Parazoanthus.  These  certainly  seem  sufficient 
for  generic  characters. 
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and  judging  by  the  mesenteries  were  more  likely  about  48.  About 
24  perfect  mesenteries,  alternating  with  very  small  ones  ;  two  small 
ones  in  each  of  two  pairs  adjacent  to  directives ;  8  (or  perhaps  10) 
are  fertile.  There  is  no  evidence  of  attachment,  the  base  being 
smooth  and  evenly  rounded. 

It  is  probably  a  true  ZoanthuSy  but  my  study  of  it  was  too  incom- 
plete to  place  it  accurately,  and  the  specimen  seems  to  have  been 

lost. 

Alcyonaria. 

Oorgona/iea*  ;  Sea-fans^  Sea-plumes,  etc. 

Several  large  species  of  gorgonians,  called  sea-fans,  sea-rods,  etc. 
by  the  fishermen,  are  very  common  on  the  inner  as  well  as  on  the 
outer  reefs.  Some  are  found  in  Castle  Harbor,  but  nearly  all  are 
absent  from  Harrington  Sound. 

*  Among  the  more  recent  workB  relating  to  Bermuda  Gorgonacea  are  the 
following : 

Cook,  Frank  C. — The  Chemical  Composition  of  some  Gorgonian  Corals.     Amer. 
Joom.  Physiology,  vol.  xii,  pp.  95-98. 

Six  of  the  species  analyzed  were  from  Bermnda. 

Danaj  James  D, — Corals  and  Coral  Islands.     Three  editions.     Ed.  8,  1890,  has 

the  list  of  Bermoda  corals  and  gorgonians  on  p.  114. 
Hargitt,  C.  W.  and  Rogers ^  Cheu.  G.— The  Alcyonaria  of  Porto  Rico.    Bnll.  U.  S. 
.     Fish  Com.,  for  1900,  pp.  265-287,  4  plates  and  cnts  in  text,  Dec.,  1901. 

Contains  a  osefnl  analytical  tahle  of  the  families  and  genera  of  the  Alcyonaria. 
Also  figures  and  descriptions  of  several  Bermnda  species. 

Heilprin,  Angelo.— The  Bermuda  Islands,  pp.  108-105,  1889. 

Gives  a  list  of  8  species  of  gorgonians,  mostly  without  descriptive  notes.  Two 
are  doubtful. 

Jones,  J.  Matthew. — Contributions  to  the  Nat.  History  of  the  Bermudas  ;  Coral- 
liaria.     Nova  Scotian  Institute  Nat.  Sci.,  vol.  ii,  pt.  2,  pp.  7-16,  1869. 

A  list  of  4  species  (determined  by  A.  E.  Verrill),  with  some  notes. 

Kdlliker,  Albert. — Icones  Histiologies,  ii,  Die  Bindesubstanz  der  Coelenteraten, 
18  cuts,  X  plates.     Leipzig,  1865. 

The  first  work  demonstrating  the  systematic  importance  ef  the  spicules  of 
Alcyonaria.  It  includes  a  revision  of  the  genera  and  species.  His  figures  of 
the  spicules,  etc.,  in  many  cases,  represent  preparations  from  the  type-speci- 
mens of  Esper,  Ehrenberg,  Lamarck,  and  Duch.  and  Michelotti.  A  set  of 
mounted  slides  of  the  same  species  was  sent  to  me  by  Dr.  Kttlliker. 

Mendel,  L.  B, — On  the  occurrence  of  Iodine  in  Corals.    Amer.  Jour.  Physiology, 
iv.  No.  5,  pp.  243-246,  1900. 

The  three  species  of  gorgonians  analyzed,  Gorgonia  flabellum,  O.  acerosa,  and 
Plexaura  JlexMosa  were  from  Bermuda,  furnished  by  the  writer.  (See  Cook, 
F.  C.) 
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They  are,  however,  much  more  abundant  and  luxuriant  on  the 
outer  reefs,  and  especially  at  a  few  fathoms  below  the  surface,  all 
around  the  islands.  The  most  common  are  Gorgonia  flabeUumy  the 
"sea-fan";  Pkxaura  flexuosa;  and  Fseudoplexaiira  crassa,  known 
as  "  sea-rods."  These  all  grow  to  great  size  on  the  outer  reefs,  at 
moderate  depths,  becoming  in  some  cases  4  to  6  feet  high. 

Oorgonia  flabellum  Linn.    Sea  Fan.    Figure  142.    Plate  xxxiiic,  fig.  1  (3,  8). 
PI.  xxxvi,  fig.  1  (19j. 

Oorgonia  flabellum  Esper,  Pflanz.,  ii,  plates  ii,  iiiA,  1794.  Dana,  Zooph.,  1846, 
and  nearly  all  other  writers  np  to  1857. 

Rhipidogargia  flabellum  Edw.  and  Haime,  Coral.,  ill,  p.  178,  pi.  b2,  fig.  4, 
1857,  and  many  later  writers.  Ponrtalte,  in  L.  Agassiz,  Florida  Reefs,  pi. 
xxi,  figs.  1-7.    Nutting,  Bull.  Univ.  Iowa,  i,  p.  151,  pi.  x,  1889. 

Oorgonia  flabellum  Eolliker,  Icones  Histiol.,  ii,  18G5,  and  most  later  writers. 

Verrill,  Critical  Remarks  on  Halcyonoid  Polyps,  No.  4,  Amer.  Jonr.  Sci., 
xlviii,  -p.  424, 1869,  there  made  the  type  of  the  most  restricted  genus  Oor- 
gonia; these  Trans.,  x,  p.  568.  Hargitt  and  Rogers,  Bnll.  U.  S.  Fish  Com., 
1902,  p.  287,  pi.  iii,  fig.  8. 

This  species  always  grows  in  fan-like  forms  with  the  branchlets 
closely  reticulated,  except  close  to  the  tips.  The  fans  vary  much  in 
shape,  some  being  round,  others  broad,  and  some  tall  and  narrow, 
the  shape  depending  much  upon  the  place  of  growth  and  amount  of 
space.     Sometimes  two  or  more  fans  arise  from  the  same  base,  and 


Nuttingy  C,  C, — Contributions  to  the  Anatomy  of  Gorgonidee.      Bull.  Labr. 

Nat.  Hist.  State  Univ.  Iowa,  pp.  97-160,  1889. 
Rogers f  Okas,  O. — See  Hargitt,  C.  W. 
Verrilly  Addison  IT. —Bull.  Mus.  Comp.  Zool.,  i,  pp.  29-60,  1864. 

Records  a  number  of  gorgonians  and  corals  from  Bermuda. 

Critical  Remarks  on  Halcyonoid  Polyps,  Nos.  1-4.   Amer.  Joum.  Science, 

No.  1,  vol.  xlv,  p.  411 ;  No.  8,  vol.  xlvii,  p.  281,  1869;  No.  4,  vol.  xlviii,  p. 
419,  1869. 

Includes  revisions  of  many  genera  and  species,  some  of  which  are  West  Indian 
and  Bermudian. 

Additions  to  the  Anthozoa  and  Hydrozoa  of  Bermuda.    These  Trans., 

vol.  X,  pp.  551-572,  8  pUtes,  1900. 

Additions  to  the  Fauna  of  the  Bermudas  from  the  Tale  Expedition  of 


1901.    Trans.  Conn.  Acad.,  xi,  pp.  15-62,  plates  i-ix  ;  6  cuts  in  text,  1901. 
—  Zo51ogy  of  the  Bermudas,  vol.  i,  427  pp.,  45  pi.,  1908.    Includes  the  two 


preceding  papers  as  articles  5  and  10. 
Wright,  E.  K  and  Studer,  Th. — Report  on  Alcyonaria.    Voyage  Challenger,  Zool., 
vol.  xxxi,  part  64,  1889. 

Includes  a  few  reef  forms  from  Bermuda  and  some  from  deep  water  adjacent. 
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sometimeB  small  ones  branch  out  from  one  or  both  sides  of  large 
ODea,  at  various  angles.  Off  the  outer  reefs,  in  10  to  20  feet  of 
water,  it  often  grows  to  great  size,  the  height  aometimes  being  5  to  6 
feet  and  the  breadth  4  to  5  feet.  Such  specimens  are  very  firmly 
attached  and  are  difficult  to  obtain  entire. 

On  the  inner  reefs  and  in  Castle  Harbor  it  is  usnally  only  one  or 
two  feet  high,  partly,  perhaps,  because  so  many  are  constantly 
gathered  by  the  fishermen  for  sate  to  travellers  as  curiosities. 

In  life  this  species  is  usually  dark  purple,  becoming  lighter  purple 
on  drying.  But  many  specimens  are  more  or  less  tinged  with  yel- 
low, especially  on  the  trunk  and  main  branches,  Kntirely  yellow 
specimens  are  not  so  common  at  Bermuda  as  in  the  West  Indies. 
These  colors  are  due  to  the  fact  that  the  microscopic  spicules  of 
the  ceenenchyma  are  partly  bright  purple  and  partly  bright  yellow. 


Fignre  143. — Qorgonia  Jtabellum ;  amall  portion  to  show  arrani^meDt  of  csli- 
clen ;  a,  axis ;  c,  ccenenchjinB,   x  1^.     After  L.  Agiuiii. 

the  proportion  of  each  color  varying  in  different  specimens  and  in 
different  parts  of  the  same  specimen. 

The  polyps,  when  expanded,  are  very  small,  pale,  and  translucent; 
they  project  strongly  from  the  calicles  and  resemble  those  of  G. 
citrina  in  form. 

This  is  one  of  the  species  of  which  the  axis  has  been  analyzed  by 
Professor  Mendel  and  Mr.  Cook  for  the  iodine  contents.*  The  large 
specimens  used  were  furnished  by  me  and  came  from  the  oater  reefs 
of  Bermuda.  It  was  also  analyzed  by  Mr.  Cook  for  its  other  consti- 
tuent!!. 

Oorgonia  Kcenwa  Pallae.     Sta  Flume.     Plate  ixiiilc,  fig.  l''i;  pi.  lUTi,  fig. 

1  (18). 

Gorgonia  acerota  Pallu,  Eleucb.  Zoopbf  „  p.  173,  1 766  (mm  Esper). 

Oorgonia  tetota  Linn.,  SfHt.  Nat.,  ed.  lii,  1707,  p.  1293. 

Eaper,  Pflanz.,  ii,  Qorg.,  p.  66,  pi.  xvii,  fige.  1-3,  1794  (non  Linn.). 

*HeDdel,  L.  B.,  Amer.  Joora.  PhjH.,  iv,  pp.  343-346,1900.  Cook,  F.  C, 
Chem.  Composition  of  Gorgonian  Corals,  op.  cit.,  lii,  pp.  95-96. 
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Gorgonia  pinnaia  (para)  I^mk.,  Hist.,  ii,  p.  816. 

Pterogorgia  pinnata  (non  Linn,  sp.)  and  P.  Sloanei  Edw.  and  Haime,  iii,  p. 

168,  1857. 
Pterogorgia  aetosa  Ehrenberg,  1834  (purple  Tar.).       Dana,  Zooph.,   p.  650. 

E^w.  and  Haime,  iii,  p.  168,  and  manj  later  writers. 
Pterogorgia  acerosa  Ehr.,  1884  (yellow  var.).     Dana,  Zooph.,  p.  649,  1846. 

KOlliker,  op.  cit.,  p.  189,  pi.  xviii,  figs.  34,  85. 
Verrill,  1864,  and  many  later  writers. 
Oorgonia  acerosa  Verrill,  Crit.  Bern.,  No.  4,  p.  424,  1869,  and  most  later 

writers.     Hargitt  and  Rogers,  op.  cit.,  p.  287,  pi.  iii,  fig.  2,  1902. 

This  beautifal  gorgonian,  when  well  grown  on  the  outer  reefs,  is 
sometimes  four  or  five  feet  high,  with  a  strong,  elastic  stem,  and 
very  numerous  long,  slender,  and  very  flexible  pinnate  branchlets, 
which  are  usually  more  or  less  pendulous  in  the  form  of  a  loose 
plume. 

Large  specimens  often  consist  of  several  such  plumes  arising  from 
one  base  or  from  one  large  main  trunk  near  the  base.  The  axis  in 
the  main  trunk  and  larger  branches  is  large,  black,  tough,  horn-like, 
and  often  much  flattened  ;  in  the  terminal  branchlets  it  becomes 
capillary  or  setiform,  translucent,  yellow  or  amber  color. 

The  color  is  usually  light  purple  or  purplish  red  in  Bermuda 
waters,  but  not  rarely  light  yellow  or  pale  straw-color,  or  in  dry 
specimens  long  exposed  to  light  it  may  be  almost  white. 

Many  writers,  like  Ehrenberg  and  £dw.  and  Haime,  have  made 
two  or  three  species  out  of  what  seem  to  me  merely  slight  variations 
in  form  and  color  of  this  species. 

After  examinations  of  large  numbers  of  specimens  from  Florida, 
West  Indies,  and  Bermuda,  I  cannot  find  any  reliable  characters  for 
separating  s^tosa  or  Sloanei  from  this  species.  Very  young  speci- 
mens have  undoubtedly  been  described  under  other  names.  The 
original  G.  pinnaia  of  Linn,  and  Pallas  appears  to  be  a  distinct 
South  African  species,  Lophogorgia  or  Leptogorgia  fktmmea  £llis 
and  Sol.,  though  many  early  writers  have  confused  it  with  the  pres- 
ent one.  Probably  Linn^  himself  confounded  the  two,  as  Pallas 
stated.* 

The  axis  of  this  species  was  also  analyzed  by  Prof.  Mendel  and 
Mr.  Cook.     It  was  found  to  contain  about  2  per  cent,  of  iodine. 

It  is  not  often  found  on  the  inner  reefs  and  is  not  very  common 
in  shallow  water,  even  on  the  outer  ones.     It  prefers  water  3  to  6 


*  Lamonronx,  Exped.  Method.,  pp.  51,  52,  1821,  added  greatly  to  the  con- 
fusion by  uniting  under  O,  pinnata :  O,  americana^  O.  setosa^  G.  acerosa,  and 
O.  sanguinolentaj  while  he  confounded  the  true  pinnata  =flammea  Ellis  and 
Sol.  with  the  palma  of  Pallas,  which  is  Eunicella  palma. 
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fathoms  deep.      It  appears  to  be  less  common  than  in  the  West 
Indies,  where  it  is  more  often  yellow. 

Gorgonia  americana  Gmelin. 

Oorgonia  americana  Qmel.,  Syst.  Nat.,  ed.  18,  based  on  pi.  xiy,  fig.  8,  of 

Ellis  and  Sol. ,  1787. 
Oorgonia  pinnata  {pars)  Lamz.,  Expos.  Method.,  p.  82,  pi.  14,  fig.  3,  after 

Ellis  and  Sol.  {non  Linn.). 
Pterogorgia  turgida  Ehr.,  Corall.,  p.  146,  1834. 
Pterogorgia  pinnata  Dana,  Zooph.,  p.  649,  1846  (non  Pallas,  sp.). 
PUrogorgia  EUisiana  Edw.  and  H.,  Corall.,  iii,  p.  168,  1857. 
Pterogorgia  americana  Verrill,  Bnll.  M.  C.  Z.,  i,  p.  81,  1864. 
Chrgonia  americana  and  O,  turgida  Verrill,  Crit.  Rem.,  No.  4,  p.  424,  1869. 

This  is  a  much  less  common  species  than  the  last,  which  it  some- 
what resembles.  The  branchlets  are  not  so  long,  slender  and  flex* 
ible,  and  scarcely  droop.  The  branchlets  are  thicker  and  more 
terete  ;  the  polyps  along  the  edges  of  the  branchlets  are  much  larger 
than  in  the  last  and  do  not  readily  retract,  so  that  most  of  the  dried 
specimens  are  disfigured  by  the  dead  extended  polyps  adhering  to 
the  outer  surface.  When  the  soft  parts  are  entirely  removed  the 
calicles  are  relatively  large  and  open,  forming  two  or  three  rows  on 
the  edges  of  the  branchlets.  Its  color  is  usually  pale  yellow,  some- 
times light  purple.  It  is  seldom  more  than  1.5  to  2  feet  high.  The 
branchlets  are  3  to  4""*  thick. 

This  is  the  species  recorded  by  me  from  Bermuda  in  1864,  under 
the  name  of  P.  turgida  Ehrenberg,  which  I  now  consider  a  synonym. 

It  is  also  found  on  the  West  Indian  and  Florida  reefs,  but  not 
abundantly. 

Gorgonia  cltrina  Esper.    Figare  148. 

Oorgonia  citrina  Esper,  Pflanz.,  ii,  Qorg.,  p.  129,  pi.  xxxviii,  figs.  1,  2,  1794. 

Edw.  and  H.,  iii,  p.  171,  1857. 
-  Oorgonia  {Pterogorgia)  citrina  Dana,  Zooph.,  p.  648,  1846. 
Pterogorgia  fasciolaris  Ehr.,  Corall.  Roth.  M.,  p.  145,  1834.     Dana^  op.  cit., 

p.  648. 
Pterogorgia  aancti-thomas  Ehr.,  op.  oit.,  p.  145  (pnrple  var.). 
Xiphigorgia  citrina  Verrill,  Bnll.  M.  C.  Z.,  i,  p.  88,  1864. 
fXiphigorgia  americana  Dnch.  and  Mich.,  Sapl.,  p.  118,  pi.  ii,  fig.  6,  1866 

{non  Gmel.  «p,)= Oorgonia  pumila  Ver.,  1869. 
Oorgonia  citrina  EOUiker,  Icones  Histiol.,  ii,  p.   189,  1865.     Venil],  Crit* 

Rem.,  No.  4,  p.  42,  1869,  and  of  most  later  writers. 

This  is  a  small  and  rather  inconspicuous  species,  seldom  more  than 
6  inches  high.     It  forms   small  clusters  of  rather  stiff,  flattened. 
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forked  branches,  with  a  row  of  polyps  along  their  thin  edges.  It  is 
usually  bright  or  light  yellow,  with  purple  edges  and  calicles,  but  is 
not  uncommonly  all  purple  or  entirely  yellow. 


Figure  148. — Gorgonia  citrina;  a,  portion  of  branch  with  polyps  of  one  edge 
expanded,  x  abont  5  ;  b,  tentacles  and  disk,  more  enlarged.  Drawn  from 
life  by  the  author. 

It  occurs  sparingly  on  the  reefs.  It  was  also  found  in  Harrington 
Sound,  where  most  other  gorgonians  do  not  occur.  At  Dominica  it 
grows  much  larger,  with  numerous  branches. 


muricata  (Pallas)  Blainv.     Figs.  144,  145.     Plate  xzxiiiB,  fig.  2,  a, 
(polyps  expanded) ;  plate  zxxiiic,  fig.  2,  d ;  plate  xxxvi,  fig.  2  (7). 

Oargonia  muricata  Pallas,  Elenchus  ZoOph.,  p.  198,  1766.     Ellis  and  Sol., 

Zooph.,  p.  182,  1787.    Esper  {pars),  Pflanz.,  ii,  Gorg.,  pi.  xxxix. 
Eunicea  muricata  Lamx.,  Polyp.  Flex.,  p.  439,  1816. 
Muricea  spicifera  Lamx.,  Exposit.  Method.,  p:  86,  pi.   71,  figs.  1,  2,   1821, 

(after  Ellis  and  Sol.  ?).     Ehr.,  1834,  p.  134. 
Muricea  muricata  Blainyille,  Man.  Actin.,  p.  509,  pi.  88,  fig.  1. 
Muricea  epicifera  Dana,  Zooph.,  p.  678,  1846.    Edw.  and  Haime,  iii,  p.  142, 

1857.    KOlliker,  loonea  Histiol.,  ii,  p.  135. 
Muricea  muricata  Verrill,  Crit.  Bem.,  No.  1,  p.  411,  1868 ;  these  Trans.,  x, 

p.  569,  fig.  1,  19(X).     Cook,  bp.  cit.,  p.  98,  1904,  from  Bermuda  (analysis). 

This  is  easily  distinguished  from  all  the  other  Bermuda  gorgo- 
nians by  the  prominent  calicles,  covered  externally  with  acute  imbri- 
cated spicules,  having  projecting  points  easily  visible  to  the  naked 
eye.  It'  forms  rather  closely  branched,  flattened  clusters,  seldom 
more  than  a  foot  high.  Its  color  is  pale  straw-yellow  to  ocher- 
yellow,  sometimes  with  a  rusty  or  brownish  yellow  tint ;  old  dried 
specimens  often  fade  to  white. 

It  occurs  on  the  reefs  in  Castle  Harbor,  but  we  found  it  most 
abundant  on  the  ledges  in  Bailey  Bay,  one  of  which  it  occupied  to 
the  almost  complete  exclusion  of  other  species.  It  is  also  found  on 
the  outer  reefs. 

Trans.  Conn.  Acad.,  Vol.  XII.  20  March,  1907 
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The  polyps,  when  expanded  (fig.  145  and  pi,  xxxiiis,  fig.  9,  a)  are 
very  elegant;  they  are  blender,  whitish,  and  translucent;  they  stand 


Figure  144.— Afurtceo  muricata,  portion  of  a  branch,   x4. 

Figure  14S. — The  same,  with  the  polyps  elpsnded,  x  8.     Drawn  by  A.  H.  Y. 

BO  close  together  that  they  nearly  conceal  the  coral.     The  tentacles 
have  about  ten  slender  pjnnie  on  each  side. 

Plezanza  flexuOMl  Lamz.      Figare  146 ;    plate   xxxiiis,   fig.   3,   b,   e ;    plate 
xxxliic,  fig.  3,  11,  b,  c.     Plate  xixvi,  fig.  2  (Sj.     Plate  izivIb,  flg.  4,  epicalee. 

Plexaura.  fiexuosa  Lamx.,  Polyp.  Flex.,  p.  424,  1816 ;  Expoa.  Method.,  p.  54, 
pi.  70,  &g.  1,  3,  1831.  Edw.  and  H.,  iii,  p.  154.  Verrili,  Bull.  Mns.  Comp. 
Zool.,  i,  p,  84,  1864  ;  these  Trane.,  x,  p.  568.      KSUiker,  Icones,  p.  188. 

Oorgonia  anguiculus  Dana,  Zooph.  Ex.  B^ped.,  p.  668,  1846. 

IFItxaura  talicomoidrt  Edw.  and  Haime,  Corall.,  iii,  p.  158,  pi.  B',  1857. 

Plemura  flexitosa  Hargitt  and  Rogers,  Bull.  U.  S.  Fiah  Com.,  1803,  p.  284, 
pi.  iv,  figs.  13-16,  epicntes. 


c   about  2  ; 


Figure  146. — Pleiattra  ftfxuosai  a,  portion  of  i 
b,  part  of  same,  more  enlai^ed  :  c,  section 
Drawn  by  A.  H.  V. 


This  is  the  most  common  of  the  stont-h ranched  gorgonians  on  the 
Bermuda  reefs.       It   forms    upright,  bushy  colonies  consisting  of 
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numerous  forking  branches  arising  from  a  stout  basal  trunk.  The 
branchlets  have  a  tendency  to  stand  somewhat  in  one  plane,  so  that 
the  group  is  flattened  ;  they  curve  outward  at  base  and  then  become 
rather  rigidly  erect,  with  blunt  tips.  They  are  usually  more  or  less 
crooked  or  wavy,  and  vary  in  length  up  to  6  to  8  inches  or  more, 
and  when  well  grown  have  a  diameter  of  about  5  to  7"*™.  The 
calicles  are  small,  often  almost  punctiform,  pretty  evenly  scattered 
over  the  whole  surface,  about  l"*"  apart.  They  are  usually  slightly 
8 -rayed,  and  when  fully  contracted  are  level  with  the  coenenchyma 
or  may  even  be  a  little  sunken,  but  frequently,  in  less  strongly  con- 
tracted specimens,  they  are  slightly  raised  on  low  mammilliform 
elevations,  and  then  the  pores  are  larger,  up  to  about  ,6"^^,  as  in 
fig.  147,5. 

The  color,  in  life,  is  almost  always  dark  purple  or  purplish  brown, 
but  when  dried,  under  identical  conditions,  part  of  them  will  remain 
purple,  others  become  reddish  brown,  and  many  become  brownish 
yellow,  russet,  or  fawn-color,  but  no  other  differences  could  be  found.. 

The  polyps  are  small,  but  quite  prominent  (see  pi.  xxxiiis,  fig.  2, 
6,  c),  nearly  translucent,  with  rather  long,  delicately  pinnate  tenta- 
cles. 

The  axis  of  this  was  also  analyzed  by  Prof.  Mendel  and  Mr.  Cook, 
for  iodine,  etc.  It  contained  a  larger  percentage  of  iodine  than  any 
other  species  tested:  4.95  per  cent,  of  tho  water-free  substance  in 
one  case. 

It  is  doubtful  if  this  be  the  true  flexuosa  of  Lamouroux,  which 
was  described  as  a  yellow  species,  like  P.  miitica  D.  and  M.  I  have 
personally  seen  no  bright  yellow  variety  of  this  species,  and  think  it 
possible  that  flexuosa  may  be  a  distinct  species.  But  this  is  the  P. 
flexuosa  of  most  recent  writers,  and  therefore  it  seems  best  to  retain 
that  name  until  the  yellow  form  can  be  reexamined  microscopically. 
This  is  the  true  P.  anguiculus  of  Dana,  and  that  name  should  be 
used  ii  flexuosa  proves  to  be  distinct. 

It  is  a  common  species  on  the  Florida  Reefs  and  is  found  through- 
out the  West  Indies,  south  to  Dominica. 

Plexaura  Valenciennesi  Wright  and  Stud.,  Voy.  Chall.,  Zo6I.,  vol.  zzxi,  p. 
137,  pi.  xxxiii,  fig.  1  (spicnlea). 

Plexaura  flexuosa  Val.,  MSS.,  Edw.  and  H.,  Corall.,  iii,  p.  154  (won  Lamx.,  t. 
Wr.  and  Studer). 

This  species  was  described  from  a  single  specimen  dredged  in 
shallow  water.     It  was  about  10  inches  high,  dichotomous,  with  the 
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terminal  brancblets  3-5°"  in  diameter.  The  calicles  are  "thickly 
set  in  irregular  spirals,"  circular  or  oval,  with  the  margin  slightly 
raised.  Coenenchyma  "  massive  and  formed  of  several  layers  of  spic- 
ules." The  outer  layer  is  composed  of  purple  spindles  and  foliated 
clubs;  the  middle  layer  of  large  tuberculate  spindles;  the  innermost 
layer  of  small  radiate,  tripartite,  and  fusiform  spicules,  purple  or 
colorless. 

Polyps  wholly  retractile,  tentacles  with  double  rows  of  minute 
spindles  on  the  outer  side.     Closely  related  to  the  preceding  species. 

This  appears  to  be  one  of  the  forms  that  have  been  included  under 
P.  flexuosa  by  several  writers.  The  typical  form  of  flexuosa  (Lx.) 
was  yellow  and  is  not  well  known.  The  spicules  have  not  been 
described.  P.  mutica  D.  and  M.,  op.  cit.,  p.  28,  pi.  iii,  figs.  9,  10,  is 
a  similar  yellow  species,  probably  identical  with  flexuosa.  Color 
alone  is,  however,  of  little  specific  value  in  this  group. 

^Plexaura  homomalla  (Esper)  Lamx.    Figure  147.  Plate  xxzya,  fig.  3,  spicules. 

PUxaura  homomalla  Lamx.,  Polyp.  Flex.,  p.  430,  1816.  Blainv.  Man.  Actin. , 
p.  509.  Edw.  and  Haime,  iii,  p.  155.  Hargitt  and  Rogers,  1902,  p.  285, 
fig.  H  (spicnles). 

Qorgonia  homomalla  Esper,  Pflanz.,  ii,  p.  104,  Gorg.,  pi.  29,  figs.  1,  2,  1794. 

Lam.  Hist.,  ii,  p.  819.     Dana,  Zooph.,  p.  667. 

• 

This  is  closely  related  to  the  preceding  and  has  similar  but  smaller 
calicles  and  polyps.  The  branches  and  branchlets  are  more  slender 
and  flexible,  with  a  softer  axis,  so  that  when  dried  they  nearly 
always  droop  over  to  one  side,  but  they  are  upright  in  life.  It  is 
usually  only  about  a  foot  high  (250  to  350"*")  and  often  about  as 
broad,  forming  rather  closely  branched  or  bushy  clumps. 

Branchlets  about  4  to  6™°*  in  diameter. 

Color  usually  dark  brown,  becoming  umber-brown  or  blackish 
when  dried.     The  surface  is  granular  under  a  lens. 

The  coenenchyma  is  apt  to  be  rather  friable  when  dried  and  like 
the  axis  very  hygroscopic,  so  that  it  easily  becomes  detached  from 
the  axis  by  unequal  contraction. 

The  axis  is  round  and  black  in  the  larger  branches. 

Common  on  the  outer  reefs.  A  common  species  on  the  Florida 
reefs  and  through  the  West  Indies. 
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Plexaura  flavida  (Lam.)  Val.    Pignre  148.    Plate  izxta,  flg.  4,  spicnleB. 
Oorgonia  fiavida  Lom.,  Hint.,  ii,  p.  816;  2d  ed,,  p.  496.     Lami.,  Plyp.  Flei., 

p.  402.     Dana,  Zooph,,  p.  664,  1B46. 
Fttxaitra  Jlavida  Edw.  and  Haime,  Corall.,  i,  p.  158.   Edlliker,  Iconea,  p.  138, 

pi.  liii,  flg.  6, 1865  (Bpicnl«  from  type). 
rEuniera  rnmufcMa  Ehr.,  op.  cit.,  p.  1S9,  Dana,  Zodph.,  p.  66S.   Verrlll,  these 

Trans.,  Tol.  ix,  p.  569. 
Qorgonia  tpiei/era  Dana,  2!ooph.,  p.  665  (non  Lamk.). 

Of  this  Species,  which  is  rather  rare  in  collections,  I  have  seen  a 
few  specimens  from  Bermuda,  but  did  not  find  it  mysetf. 

It  baa  one  or  two  main  stalks  from  which  numerous  slender,  terete, 
divergent  branches  arise  on  all  sides,  so  as  to  produce  a  somewhat 

14S  147  148 


Figure  147. — Ptexaura  homomalla,  anrfaoe  with  polyps  contracted ;    148. — P. 
/tavida,  x  4 ;  149.  —P.  bieoUir,  x  4.     All  from  dry  gpeoimena  by  A.  H.  V. 

plume-like  form,  when  full-grown.  The  main  stems  may  be  6  inches 
to  a  foot  or  more  high  ;  the  side  branches  or  branchlets  vary  from 
2  to  5  inches  in  length,  but  are  mostly  3  to  4  inches  (75  to  100""") 
and  about  2  to  S™"*  in  diameter.  The  calicles  are  very  small,  with 
the  borders  slightly  raised,  especially  on  the  lower  side ;  they  are 
about  equally  distributed  on  all  sides  of  the  branchlets,  and  not  very 
close  together,  though  numerous.  The  color  is  usually  yellow, 
varying  from  pale  yellow  to  light  olive-yellow. 

It  appears  to  be  rather  uncommon  in  the  West  Indies.  My  son, 
A.  H.  Verrill,  has  recently  sent  several  welt  grown  specimens  from 
Dominica  Island.  There  are  specimens  from  other  West  Indian 
localities  and  from  Colon,  in  the  Yale  Aluseum. 

Plexaura  Eap«ri,  nom.  nov.     Fignres  1.53-155.    Plate  ixxvia,  fig.  4,  spicules. 

PUxavra  on(i>a(Ae«K6Hiker,  op.  cit.,  p.  138,  pi.  iviii,  flgs.  21, 22  (mm  Linn.  Bp.), 

Qorgonia  antipathr*  (pan)  Elsper,  PS&de.,  Gorg.,   pi.  iiiii,  only  (non  Linn. 

nee  Pallaa).     Determined  by  comparisoD  of  spicnla  from  Super's  original 

A  small  specimen,  collected  in  1901,  agrees  closely  in  size,  mode  of 
brsDohing,  and  character  of  calicles  with  Esper's  fignre  (pi.  ixiii). 
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and  it  has  the  peculiar  forms  of  spicules  characteristic  of  the  latter, 
as  shown  by  a  slide  of  spicules  from  Esper's  type,  sent  to  me  by 
Professor  Kolliker.  But  Esper  included  several  other  species  under 
the  name  G,  antipathes^  as  did  Linn6  and  most  of  the  other  early 
writers.  Pallas  definitely  restricted  that  name  to  a  large,  much 
branched  East  Indian  form,  with  short  and  slender  terminal  branch - 
lets,  a  stout  trunk,  with  a  very  black,  spirally  striated  axis,  and  with 
large,  pore-like  calicles,  quite  unlike  the  present  species.  Therefore 
it  is  necessary  to  adopt  another  name  for  this.  I  am  unable  to 
identify  it  with  any  other  of  the  more  recently  named  West  Indian 
species,  many  of  which  have  been  described  very  imperfectly  w^ith- 
out  figures.* 

This  species  branches  dichotomously,  nearly  in  one  plane,  with 
elongated,  upright  terminal  branchlets,  from  4  to  8™°*  in  diameter. 
'  The  coenenchyma  is  rather  thick,  not  very  friable  when  dry,  nearly" 
smooth,  with  a  thin  cortical  layer  of  very  minute,  foliated  clubs, 
and  short,  rough,  irregular  white  spicules,  which  give  the  surface, 
under  a  pocket-lens,  a  very  finely  granulated  appearance.  This 
superficial  layer  is  pale  or  yellowish  white,  often  with  a  purple  lint 
where  the  underlying  larger  spicules  show  through.  The  latter  are 
rather  large,  symmetrical,  warty  spindles,  warty  heads  or  spheres, 
and  other  shoit.  thick  forms,  partly  deep  purple  and  partly  white  in 
color.  Surrounding  the  axis  is  a  close  layer  of  much  smaller,  short, 
double-whorled,  dark  purple  spindles. 

The  calicles  are  rather  small  (about  .5™™),  round,  pit- like  or  pore- 
like, not  crowded,  the  intervals  between  them  exceeding  their  diam- 
eters, and  with  their  borders  slightly  sunken,  without  any  fringe 
of  larger  spicules.  The  polyps  are  wholly  contractile  and  apparently 
without  any  spicules.f     The  axis  is  black,  compressed  at  the  axils. 

The  short,  thick,  elliptical  and  subsphaerical  spicules,  abundant  in 
the  coenenchyma,  are  very  characteristic  of  this  species. 


*  The  descriptions  of  West  Indian  Gorgonians  by  Duch.  and  Michelotti  are 
mostly  nearly  worthless,  bnt  some  of  their  general  figures  are  fairly  good. 

A  set  of  slides  of  spicnles  from  a  number  of  their  types,  sent  to  me  by  Pro- 
fessor Kolliker,  have  been  of  great  assintance  to  me  in  determining  some  of  their 
species.  The  descriptions  by  Lamarck,  Ehrenberg,  Dana,  and  Edwards  and 
Haime  are  also  very  brief  and  indefinite,  without  any  account  of  the  spicules. 
The  Plexaura  antipathes  of  Ehrenberg  is  a  West  Indian  species  different  from 
Esperi,  and  named  P.  Ehrenbergii  by  Kolliker.     It  may  be  a  form  of  P.  crassa. 

f  If  this  should  prove  to  be  the  case,  the  species  should  be  referred  to  Piex- 
auropsis  ;  the  polyps  are  badly  decayed  in  my  specimens. 
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Faeodoplexaura  crasM  (Ellis  and  SoL)  Wright  and  Stnd.     Sea  Bnd.     FiffnTeB 
150,  151,  152.     PJAte  uxiii.     Plate  xxivLa,  Og.  S,  Bpicnlea. 

Gorgonia  orown  Ellia  and  Sot.,  p.  91,  pi.  xvili,  hg.  3,  1T87.     (non  Plexamella 

eraam  KSll.),  non  Dana. 
fOorgonia  porota  Muller.     Eaper  (pars),  Pflanz.,  ii,  Gorg.,  p.  49,  pi.  z,  1794. 
Plfxaura  friabilia  (the  figure,  not  the  deacr.)  Lamz.,   Exp.  Method.,  p.  35, 

pi.  xTiii,  fig.  3,  1831  (&g.  from  Ellia  and  Sol.),  non  Lamarck. 
PIfxaura  macrocytbara  Lami.,  Polyp.  Flei.,  p.  42B,  1810. 
Ptexaura  ponaa  (pars)  Dana,  Zooph.,  p.  670,     Edv.  and  Halme,  til,  p.  156, 

1857. 
PUxaura  craaaa  Verrili,  Bull.  M.  G.  Zo»l.,  i,  p.  34,  IStM;  Crit.  Rem.,  No.  i, 

p,  413,  1868.     Hargitt  and  Rogeis.  op.  cit.,  1902,  p.  285,  pi.  iv,  fige.  1-13 

(general  and  BpicnlsB). 
r  Oorgonia  iPlrxaura)  muUicavda  Heilprin,  Bennnda  Is.,  p.  104  (Dot  of  Lam. 

which  beloi^  to  Ettnicta,  t.  Edw.  and  H.). 
Paeudoplexavra  oraata  Wright  and  Stnder,  Voy.   Challenger,   iiii,  p,  142, 

pi.  xzxiii,  &g.  3  (gpicniea). 

This,  when  well  grown,  Je  sometimeB  four  to  five  feet  high,  with 
a  basal  trunk   1.5  to  2  incties  in  diameter  ;  it  is  repeatedly  forked 


Figure  150. — Paradopkxaura  craiaa,  portion  of  a  small  branch,  with  wide  open 

caliclea,  +2j. 
Fignre  151. — The  same,  portion  of  branch  with  the  polyps  expanded,  x  about  IJ. 

Both  drawn  by  A.  H.  T. 
Figure  152. — The  same,  disk  and  tentactea,  mnch  enlarged;  a,  paHly  coDtracled; 

6,  fnlly  expanded  (too  many  pinnie  are  shown).     Drawn  by  A.  H.  Ferrill. 

and  has  slightly  tapered,  long,  round  terminal  branchlets,  up  to  two 
feet  (300  to  600°"°)  or  more  in  length,  and  6  to  12""°  in  diameter, 
near  origin.  The  calicles  are  unequal,  rather  large,  up  to  1°"°  in 
diameter,  round  or  ovate,  and  generally  more  or  less  widely  open  in 
dried  Bpeciraens,  with  the  borders  slightly  or  not  at  all  raised. 
When  entirely  expanded,  they  are  large  and  unusually  close  together 
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(fig.  148),  the  intervals  between  them  being  generally  less  than  their 
diameters,  and  often  much  less  on  the  distal  part  of  the  branchlets, 
but  sometimes,  when  partly  contracted,  on  the  large  branches,  they 
are  not  very  close  in  external  appearance. 

The  polyps  in  expansion  ard  very  prominent  and  much  larger  than 
in  P,  ftexuosay  and  so  close  together  that  their  tentacles  overlap  and 
entirely  conceal  the  coenenchyma.  They  are  translacent  and  dull 
yellowish  or  brownish,  disk  and  tentacles  yellowish  brown.  The 
tentacles  are  long  and  tapered,  with  10-12  short  pinnae  on  each 
side  (fig.  148).     They  have  but  little  activity  in  contracting,  and 


158 


154 


155 


Figure  153. — PleoMura  Espert :  a,  small  purple  spindles  and  double  spindles  of 

inner  layer ;  h,  smaU  purple  spioules  of  middle  layer.     Fig.  154. — The  same: 

small  purple  spicules  of  middle  layer.     Fig.  155. — The  same  :  white  spicules 

of  surface  ;  c,  c,  foliated  clubs  ;  d,  d,  irregular  forms ;  g,  h,  double  spindles, 

X  70.     Drawn  by  A.  H.  V. 

generally  remain  expanded  when  preserved,  but  they  are  able  to 
contract  slowly  and  completely.  They  contain  no  spicules  in  the  soft 
body  nor  in  the  tentacles. 

The  axis  is  hard  and  rigid  at  base,  but  in  the  branches  it  is  black 
and  flexible.  It  is  the  one  usually  made  into  riding  whips  by  the 
fishermen.* 

The  coenenchjma  is  thick  and  apt  to  be  friable,  unless  dried  with 
care.     It  should  be  previously  soaked  in  alcohol  or  formalin,  for  the 
exsert  polyps  are  so  numerous  and  large  that  they  often  cover  up , 
and  disfigure  the  sui*face  as  well  as  prevent  it  from  drying  rapidly. 

In  life  the  coenenchyma  is  usually  light  yellow  or  brownish,  but 
when  dried  the  surface  often  becomes  pale  straw-yellow  or  purplish 
gray,  or  nearly  white,  due  to  large  white  fusiform  spicules,  but  the 


'*'  These  generally  consist  of   two  or  three  long  terminal  branches  twisted 
together  and  polished. 
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interior  of  the  ccBnenchyma,  near  the  axis,  is  usually  purple,  due  to 
the  internal  fusiform  purple  spicules. 

This  is  most  common  on  the  outer  reefs  in  10  to  20  feet  of  water, 
where  it  grows  to  great  size,  but  it  is  also  common  on  the  inner  reefs 
and  ledges,  where  specimens  2  to  3  feet  high  are  often  found.  It  is 
a  common  species  in  the  West  Indies  and  on  the  Florida  Reefs. 

Plezauxopsis,  gen.  nov. 

Axis  and  spicula  similar  to  those  of  Plexaura.  Polyps  wholly 
retractile,  nearly  destitute  of  spicula  both  in  the  column  and  ten- 
tacles. Coenenchyma  rather  thick,  with  a  cortical  layer  of  small 
spinose  or  foliated  clubs,  and  sometimes  with  one-sided,  irregular, 
spinose  forms,  giving  a  finely  granular  appearance  to  the  surface 
under  a  lens.  Calicles  wholly  immersed  or  with  the  borders  only 
slightly  raised  and  unarmed. 

Plexaiiropsis  bicolor,  sp.  nov.      Figure  149.      Plate  xxxiiiB,  figs.  2,   6,  c, 
spicnles.     Plate  xxxviA,  iig0.  1,  2,  spiooles. 

Colony  dichotomously  branched,  a  foot  or  more  high  (300""),  with 
the  terminal  twigs  4  to  6""  in  diameter  and  75  to  125"°  long,  terete, 
little  tapered,  obtuse  at  tips.  Calicles  nearly  round,  about  .5°"  in 
diameter,  arranged  somewhat  in  quincunx,  rather  close  together, 
the  intervals  often  about  equal  to  their  diameters,  often  more 
crowded  distally,  and  more  separated  on  the  larger  branches. 

Polyps  much  exeert  (see  plate),  translucent,  pale  brownish  yellow; 
tentacles  lanceolate,  a  little  obtuse,  with  about  seven  or  eight  close 
obtuse  pinnse  on  each  side.  The  polyps  contract  only  very  slowly 
and  seldom  completely  when  disturbed,  so  that  they  are  easily  pre- 
served fully  extended  in  formol. 

The  coenenchyma  is  relatively  thick,  dark  purple  within,  but  with 
a  thin  cortical  layer  of  pale  yellow  or  whitish  spicules  (hence  the 
name).  The  cortical  spicules  are  mostly  rough,  subfoliated  and  spi- 
nose minute  clubs,  of  various  sizes  and  forms,  but  mixed  with  many 
irregular  and  one-sided  spindles  and  oblong  forms,  with  the  outer 
edge  roughly  spinose  or  thorny,  much  as  on  the  distal  end  of  the  clubs. 
The  purple  spicules  of  the  ccenenchyma  are  mostly  elongated,  rather 
slender,  acute  spindles  of  various  small  sizes,  with  the  verructe  small 
and  not  much  crowded ;  a  few  are  branched  and  there  are  a  few 
shorter  and  thicker  acute  spindles,  enlarged  in  the  middle. 

Taken  in  shallow  water  in  1001. 
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Plexaurella  dichotoma  (Esper)  K611.     Figs.  156,  157.     PL  xxxiiiB,  fig.  1,  &. 
Plate  xxxviA,  figs.  1,  2,  npictiles. 

Gorgonia  dichotoma  (para)  Esper,  Pflanz.,  Gorg.,  pi.  xiv  (right  hand  figore), 

1788. 
Gorgonia  {Plexaura)  dichotoma  Dana,  Zooph.,  p.  667,  1846. 
Plexaura  dichotoma  Verrill,  Bull.  M.  C.  Z.,  i,  p.  34,  1864.     Synonymy  only 

in  part. 
Plexaurella  dichotoma  KOlliker,  Icones,  p.  138,  pi.  xiii.  fig.  7,  pi.  xiv,  fig.  10, 

pi.  xviii,  fig.  1,  1865.    Nntting,  op.  cit.,  1889,  pp.  113-123,  pi.  ii,  figs.  1-17. 
Gorgonia  heteropora  Lamk.,  Hist.,  1816. 

Plexaura  heteropora  Lamx.,  Polyp.  Flex.,  p.  429,  1816.     Dana,  Zooph.,  p.  670. 
Gorgonia  vermicutata  {pars)  Lamk.,  Hist.,  ii,  p.  319,  1816 ;  p.  497,  2d  ed. 
Plexaura  vermiculata  Edw.  and  H.,  Corall.,  i,  p.  156. 
f  Plexaurella  vermiculata  Kolliker,  Icones,  p.  138,  pi.  xviii,  fig.  13  (spicule 

from  type). 
Eunicea  anceps  Dnch.  and  Mich.,  Corall.,  p.  25,  pi.  iii.  figs.  1,  2  (young). 
Plexaurella  anceps  KuU.,  op.  cit.,  p.  138,  pi.  xviii,  fig.  14  (spicule  from  type).* 

This  species  is  easily  recognized  by  its  stout,  rigid,  upright,  blunt 
branches  covered  with  large  irregular  calicles,  varying  in  shape 
when  dried  from  round  to  oval  and  slit-like  forms,  with  the  margins 
slightly  or  not  at  all  raised  (fig.  156).  In  life  the  calicles  are  round, 
or  with  8  slight  lobes.  The  coenenchyma  is  dense  and  very  thick  in 
proportion  to  the  diameter  of  the  axis,  especially  in  the  branchlets 
(fig.  157),  and  contains  a  great  number  of  crowded  spicula,  all  much 
smaller  than  in  the  two  preceding  species,  many  of  them  elegantly 
cruciform  and  strongly  verrucose,  while  those  in  the  outer  layer  are 
partly  club-shaped.  There  are  no  large,  fusiform  internal  spicules  ; 
those  of  the  innermost  layer  are  slender,  acute,  small,  purple  spindles. 
The  longitudinal  ducts  surround  the  axis  uniformly  on  all  sides  and 
are  rather  large  (fig.  157). 

The  color  in  life  is  dull  yellowish  brown,  or  russet-brown.  When 
dried  it  usually  becomes  dttll  grayish  yellow,  straw-color,  or  whitish, 
with  a  finely  granular  surface.  The  polyps  are  without  spicules  and 
contract  completely. 

The  axis  at  the  base  and  in  the  main  trunk  is  hard,  rigid,  and 
partly  calcareous,  in  layers,  but  in  the  terminal  branches  it  is  rather 


*  Dr.  Kolliker  regarded  P.  dichotoma,  P.  vermiculata  and  P.  anceps  as  dis- 
tinct species  and  figured  a  single  cross-shaped  spicule  of  each,  from  specimens 
believed  to  be  the  types.  But  on  the  slides  of  the  same,  which  he  sent  to  me, 
the  corresponding  spicules  vary  to  an  extent  more  than  sufficient  to  include  his 
figures  of  the  three  forms.  See  pi.  36a.  But  P.  nutans  Duch.  and  Mich.,  1860, 
of  which  he  also  sent  spicules  from  the  type,  is  quite  distinct,  having  the  crosses 
much  more  slender,  with  longer,  more  acute,  and  less  verrucose  branches. 
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soft  and  brittle.  It  is  grayish  or  dull  wood-color.  The  branches 
curve  strongly  outward  at  base,  and  then  become  rigidly  erect.  The 
trunk  is  often  an  inch  or  more  (20  to  30""°)  in  diameter;  the  branch- 
lets,  when  full  grown,  are  about  6  to  10  inches  (150  to  230""°)  long, 
and  10  to  14"""  in  diameter;  larger  calicles  1  to  LS""  in  diameter. 

Dwarfed  specimens  are  sometimes  found  with  much  smaller  and 
shorter  brancblets  and  smaller  calicles. 

It  occurs  both  on  the  outer  reefs  and  on  those  in  Castle  Harbor, 
Great  Sound,  etc.  It  is  also  found  on  the  Florida  reefs  and  in  the 
West  Indies  generally,  south  to  Dominica. 

156  157 


Figure  150. — FlfxaurtUa  dicholoma ;  a,  b,  portions  of  ihe  anrface  o£  two  speci- 
mens to  show  TarUtions  in  form  of  oalicles  due  to  contraction,  x  abont  2. 

Figure  15T.—P/exaur«(fa  dicholoma,  CTOss-aection  of  branch,  x  about  3}  :  a, 
axis,  with  circle  of  loiigitudioBl  dncts  around  it. 

BuniceopsiA,  gen.  nov.     Type  E.  Tournrforti. 

I  propose  to  separate,  as  a  genus,  those  species  usually  referred  to 
Eimiceu,  in  which  the  column  and  tentacles  contain  double  rows 
of  spicula,  which  are  absent  in  typical  species  of  Euntcea*  (restr.). 
The  presence  of  these  spicules  renders  the  tentacles  somewhat  rigid 
and  slow  to  contract,  and  in  incomplete  contraction  they  serve  as  a 
sort  of  opercular  covering  for  the  calicles. 

*  I  propose  tu  cooHider  E.  mnmmosn  Lz.  and  E.  limiformU  Li.  the  typical 
forms  of  Eunicea^  The  former  was  the  only  flpeoies  figured  by  Lamourom 
when  he  established  the  genus  (1H16).  His  fii-st  species  «?.  andpalhfg  vl  early 
antbora)  ie  indeterminable,  being  a  heterogeneous  asHemblage  of  several  genera 
kod  npecies.  His  secoud  species  {E.  mierotkflit)  is  not  certainly  linowu.  but 
probably  belongs  to  Etinicella.  Other  species  of  true  Eunicra  are  £.  mvricata 
Lam.  (t.  Edw.  and  H.),  E.  marfreporo  Dana,  etc. 
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The  epicula  of  the  ccBnunchyma  consist  of  larger  and  emaller  warty 
spindles,  some  often  very  large,  and  of  a  dense  superficial  layer  of 
smaller  rough,  warty  or  spinulated,  club-shaped  or  irregular  spicules 
of  various  forms,  giving  the  surface  a  roughly  granular  appearance 
under  a  lens.  The  caliclee  may  be  low  or  high,  8-lobed  or  bilabiate. 
Axis  homy.  Besides  the  species  here  described,  several  other  West 
Indian  species  (or  varieties)  belong  to  Enniceopais ;  among  them  are; 
E.  craam  (Edw.  and  H.);  E.  Rouaaeaui  (E,  and  H.);  E.  muUicauda 
(Lam.);  E.  <i«/>era_Duch,  and  M.;  E.  hirta  D,  and  M.;  E.  laciniata 
D.  and  M.,  and  E.  lugubria  D.  and  M. 

Euniceopsis  Touraeforti  (Edw.   and  Haime)  Vsr.     Fignree  IS&-100.      Plate 

ixiviB,  BgH.  1,  2,  spicules. 
Enniura  Toarneforti  Edw.  uid  Haime,  Corall.,  J,  p.  150,  1867.     Vemll,  these 

Trani,.  z,  p.  070,  1900.     Nutting,  op.  cit.,  pp.  142-151,  pie.  riii,  ix,  I88S. 
tOorgonia  {Eunieea)  pseudo-antipathes  Dana,  ZoSph.,   p.  671,   1846  (not  of 

Lam.,  wbioh  was  a  Muricea,  t.  Edw.  and  H.,  i,  p.  148).     Heilprin,  Bermnda 

Is,,  p.  104  (no  desoiiption). 

108  199  160 


Figure  108. — Euniceoptii  Toarneforti.     Portion  o£  a  terminal  branch,  xabont  3i 

times. 
Figure  169. — The  s&me.  aection  of  a  branchlet,  x  abont  8  times. 
Figure  160.— The  same,  portion  more  enlarged.     Drawn  by  A.  H.  Verrill. 

This  is  a  large,  stout,  stiff  species,  with  thick,  forking,  upright, 
blunt  branches,  dark  brown  or  nearly  black  in  color.  It  is  easily 
distinguished  from  mostof  the  allied  species  by  the  large  prominent, 
somewhat  conical  calicles  with  the  bilabiate  aperture  on  the  upper 
side  and  the  lower  lip  prolonged  and  curved  upward  and  inward 
(fig.  158). 

The  cffinenchyma  is  thick  and  hard,  filled  with  rather  large,  very 
stout,  and  mostly  fusiform  spicules  (fig.  160),  but  with  a  smoothiah 
or  subgranular  surface.  The  axis  in  the  terminal  branches  is  rela- 
tively small   and   soft,  shrinking  much   and  becoming  brittle  when 
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dry,  but  black,  bard,  and  rather  rigid  in  the  Urge  branches  and 
trunk,  and  flattened  at  the  axils. 

The  polyps  are  brown  and  relatively  lara^,  and  so  filled  with  spic- 
ules that  they  cannot  readily  contract  Even  the  tentacles  are  thus 
stiffened  and  are  often  seen  incurved  in  the  form  of  a  ball  over  the 
apertures  of  the  calicles. 

Well  grown  specimens  are  often  2  feet  or  more  high.  The  termi- 
nal branches  are  usually  over  half  an  inch  in  diameter  (12  to  16'") 
and  4  to  8  inches  long. 

It  is  found  in  Castle  Harbor;  The  Reach;  and  other  inner  waters, 
where  there  are  strong  currents,  but  is  more  common  and  larger  on 
the  outer  reefs. 

It  is  found,  also,  in  the  West  Indies. 

Buniceoi^W  ffraodis  T«r.     Figures  I61-lft3.     Plate  xxniiiA.      Plate  uiiiiB, 
fig.  1,  a.     Plate  ixxviB,  Bg,  8,  spiculM. 
Eunieea  grandit  Venill,  Trane.  Conn.  Acad.,  vol.  x,  p.  570,  pi.  Ixii,  figs.  8, 

3a,  1000. 
/Etinieea  cratsa  Edw.  and  Haime,  Corall.,  i,  p.  146  (non  EUia  sp.). 

1«1  102 


Flgura  161. — EunieeopsiB  grandia,  pordoD  of  a  branch,  x  3, 
Fignre  163. — The  same,  ieotlon  ot  a  branch,  ehowiog  the  axis  BDrrouudAd  bj 
iiDmeroQS  loagitndinal  dncta,  x  3.     Both  drawn  by  A.  H.  Terrill. 

This  large  robust  species  is  similar  in  size  and  form  to  the  preced- 
ing, and  like  it  is  dark  umber-brown  or  sepia-brown  in  color  while 
living,  becoming  ruRset  brown,  dark  brown,  or  blauk  when  dried ;  the 
inner  part  of  the  csnenchyma  around  the  axis  is  usually  purple,  due 
to  the  large,  fusiform,  purple  spicules. 

It  can  be  readily  distinguished  by  its  large,  slightly  mammiform, 
or  verruciform   calicles,   with   the  aperture   terminal   and   usually 
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ulightlj  eight-lobed  when  dried,  bat  mach  more  prominent  and^ 
distinctly  eight-lobed  in  life. 

The  ciBnenchynift  is  very  thick  (l]g.  162),  bat  the  spicules  are 
much  HRiAlIer  than  in  the  preceding  species.  The  longitudinal  canals 
around  the  axis  are  numerous  and  large.  The  axis  is  black  and  hard 
in  the  larger  branches,  but  soft,  shrinking  much  in  drying,  and 
brittle  in  the  smaller  branches. 

The  branches  are  forked,  very  st«ut,  blunt,  and  large,  and  form 
somewhat  flattened  colonies,  the  terminal  branches  upright  aod 
nearly  straight.     They  are  up  to  .65  of  an  inch  or  more  (10  to  le*"") 


fiKtira  lUS. — EanitfOpait  grandis.     One  of  the  pulyps,  uearlj  expanded,  much 

enlsrgt^.     From  llf?,  by  the  writer. 
t'lRUra  lUl. — EixaicmpaiH  aim ;  a,  one  of  the  larger,  atid  6,  one  of  the  smaller 

t«rmlnul  brnnphlelti,  unt,  slie.     Phot,  by  A.  H.  V. 

in  diameter  and  tl  to  12  inches  or  more  in  length,  in  large  specimens. 
The  main  stalk  may  bo  I  to  2  inches  in  diameter  near  the  base,  and 
the  total  lieij»ht  of  the  colony  -2  to  :t  feet;  breadth  1.5  to  2  feet. 

The  polyps  are  large,  brownish  yellow,  and  so  filled  with  whitish 
spicules  that  they  appear  rather  stiff,  and  contract  slowly  when  dis- 
tnrhi'd;  the  tentacles  roll  their  tips  inward,  forming  a  sort  of  ball, 
which  often  seems  loo  large  to  be  drawn  into  the  calicles,  but  can 
Iw  entirely  retracted,  though  slowly.  The  median  part  of  the  ten- 
l:kcles  has  two  rows  of  conspicuous  slender  fusiform  spicules  arranged 
en  chevron  (fig.  U- 1).  continuous  with  similar  lines  on  the  column  ; 
lines  of  similar  but   much   smaller  white  spicules  extend  along   the 


1"' 


It  is  found,  like  the  last 
r  reefs  and  on  the  ini 


water,  both  on  the 
■  ledires;  most  commonlv  in  6  to  20  feet 
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This  Bpeciee  U  allied  to  E.  mulUcauda  (Iaui.)  ;  E.  crasaa  Kdw. 
and  Haime;  and  E.  turgida  Ehr.,  in  having  low  verruciform  calicles 
with  the  borders  8-lobed.  Possibly  they  may  all  belong  to  but  one 
or  two  species. 


EuoicMpaia  atra  Verrill.    Figores  164,  16S. 


,  vol.  zi,  p.  Hi,  pi.  iz,  flgB.  4,  3, 


This  species  forms  flattened  groups  of  rather  rigid,  black  branches, 
which  subdivide  dicbotomonsly.  Tlie  branches  and  branchlets  are 
distinctly  smaller  than  in  the  three  preceding  species. 


Fi)^re  l^.—Euniceopat 


gronp  of  the  spicnlflB,  x  17.     Drawn  by  A.  H.  V. 


The  branches  mostly  spring  from  near  the  base;  the  terminal  on«^s 
arc  long,  about  100  to  150°""  aud  6  to  10"""  in  diameter,  where 
largest ;  they  are  often  crooked  or  flightly  sinuous,  and  frequently 
clavate  at  the  tip. 

The  calicles  are  rather  large  and  usually  open  when  dry,  up  to  l""" 
or  more  in  diameter,  and  not  very  close  together;  aperture  round  or 
elliptical,  with  the  borders  only  slightly  raised,  and  usually  not  dis- 
tinctly 8-lobed  in  the  dry  specimenu;  lower  lip  usually  very  sHghtiy 
developed,  as  an  angular  point,  often  entirely  lacking. 

The  polyps  in  expansion  arc  large  and  prominent,  yellowish  brown, 
and  so  stiffened  with  chevrons  of  white  spicules  that  they  contract 
very  slowly,  though  completely.  The  color  of  the  cffinenchyma  is 
inky  black  in  life,  and  when  taken  from  the  water  it  exudes  a  large 
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amount  of  a  black  mucus  tliat  stains  one's  hands  and  clothes  lilce  ink. 
It  also  discolors  a  large  quantity  of  alcohol  or  formol  solution. 
When  dried  it  is  usually  dark  nmber-brown  or  black. 

It  was  taken  in  "  The  Reach,"  in  8  to  10  feet  of  water,  where 
there  was  a  strong  tidal  current,  and  also  on  the  reefs.  It  is  not  yet 
known  from  other  waters  with  certainty. 

It  resembles  E.  lugubria  Dnch.  and  Mich,  more  than  any  other 
described  species,  but  the  latter  has  the  calicles  distinctly  8-rayed. 

IM  167 


Fignre  IW.  —  VtTraceUa  grandit ;  a,  portioD  of  terminal  branch  let ;   b,  portion 

of  a  larger  branch,  both  natoral  uze.  Phot.  A.  H.  V. 
Figure  167.— The  same.  Side-view  of  portion  of  a  branch. 
Figure  168.— The  same.     Spicnlea,  x  170.     Drawn  by  A.  H.  T. 

I  have  compared  tlie  spicules  with  those  of  the  type  of  the  latter, 
mounted  by  Dr.  Kolliker. 

Vwrucella  grandis  Verrill.     Fignree  166,  167,  IBS. 

Trans.  Conn.  Acad.  Sci.,  vol,  xi,  p.  63,  pi.  it,  figa.  1,  2,  3,  ISOl. 

This  is  a  large  and  handsome  species,  growing  in  a  tree-like  form, 
with  long  and  rather  slender,  sparingly  forked,  flattened  branches, 
having  the  small  verruciform  calicles  in  two  or  more  rows  on  each 
of  the  edges,  with  the  siAva  naked.  The  axis  is  neariy  rigid,  brittle, 
stony  or  calcareons,  and  pale  dull  yellow. 

The  ccencnchyma  is  hard  and  rather  Ihin,  with  very  small  orange- 
coloi'ed  spicules  of  various  forms  (fig.  168).  Its  color  when  dried  is 
dark  ocher-yellow,  inclining  to  orange. 
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The  only  specimen  yet  known  is  about  5  feet  high  ;  the  longer 
terminal  branches  are  12  to  18  inches  (300  to  450"™)  long  and  about 
2  to  4"*"  in  diameter. 

It  was  taken  outside  the  reefs,  near  North  Rocks,  in  abo«t  100 
feet  of  water. 

Doubtful  species  of  Gorgonice, 

Several  species  have  been  recorded,  without  descriptions,  from 
Bermuda,  which  cannot  be  determined  without  examination  of  the 
specimens.  Probably  most,  if  not  all,  are  synonyms  of  the  species 
listed  above. 

Among  them  are  the  following: 

Gorgonia  (Plexaura)  purpurea  (Pallas).  Recorded  by  Heilprin, 
op.  cit.,  p.  104. 

The  genuine  purpurea  (Pallas)  is  a  slender  species  of  Leptogorgia, 
ranging  from  Brazil  to  Chili.  Heilprin's  species  may  have  been  the 
purple  var.  of  P.  flexuosa  or  P,  anguiculus. 

Gorgonia  (Plexaura)  multicauda  (Lam.).  Recorded  by  Heilprin, 
loc.  cit.,  p.  104. 

The  original  species  of  Lam.  belongs  to  Euniceopsis^  but  Heilprin 
gives,  as  synonyms  of  his  species,  G,  crassa  Ellis  and  Sol.  and  G,  ver- 
miculata  Lam.  The  latter  is  a  Plexaurella  ;  the  former  is  a  Pseudo- 
plexaura, 

Gorgonia  (Eunicea)  pseudoantipathes  Lam.  Recorded  by  Heil- 
prin, loc.  cit.,  p.  104. 

The  original  type  was  a  Mnricea  (t.  £dw.  and  H.),  but  the  name 
has  been  variously  misapplied  by  authors. 

UYDBOZOA. 

Killepora  alcicorziis  Linn.  Sea  Oinger,  Finger  Coral.  Figures  36,  169. 
Plate  xzzA,  fig.  2  ;  plate  zxzvi,  fig.  1  (20). 
Dana,  Zooph.,  p.  548,  1846.  M.  Edw.  and  Haime,  Oorall.,  iii,  p.  228,  1860. 
Ponrtalte,  Florida  Reefs,  pi.  zz,  figs.  1-6,  1880,  ezoellent.  Qnelch,  Voy. 
Challenger.  Vanghan,  Corals  Porto  Bican  Waters,  p.  318,  plates  zzxt- 
zzzviii.     VerriU,  these  Trans.,  zi,  p.  182. 

This  is  the  most  abundant  coral,  both  on  the  outer  reefs  and  on 
the  inner  rocks  and  ledges.  It  grows  in  very  shallow  water  as  well 
as  at  the  depth  of  5  to  8  fathoms.  It  forms,  when  well  grown,  large 
rosette-like  clusters  of  lobed  and  digitate  flat  fronds,  diverging  in 
all  directions,  the  groups  often  being  4  to  6  feet  or  more  across, 

Tkahs.  Cohn.  Acad.,  Vol.  XJI.  21  Mabch,  1907. 
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while  the  fronds  are  from  1  to  2  feet  high,  aod  terminate  in  very 
slender,  tapering,  fragile  branchee  of  various  sizes  and  shapes.  Its 
color  in  life  is  nsually  dark  russet  brown,  but  sometimes  is  light 
yellowish  brown  or  orange-brown,  or  even  umber-brown. 


Fi^re  169. — Zooida  of  living  MiUepora;  P,  Authozoid  or  feeding  polyp,  m,  ]ta 
month  ;  D,  DZ,  defensive  zoQide;  C,  ctsnenchyma:  ec,  ectoderm;  en,endo- 
denn.    Hucb  enlarged,  after  Hoaeley. 

Figure  170. — Strtaiaria  Qayl,  mnch  enlarged.     Drawn  by  A,  H.  Terrill. 

When  young  it  forms  more  or  less  thick  encrustatioDS  on  dead 
corals,  shells,  etc.  Sometimes  it  completely  encrusts  the  dead  axis 
of  a  gorgonian,  and  then  by  the  unequal  shrinking  and  swelling  of 
the  gorgonian  when  dried,  the  cniat  of  white  coral  usually  breaks  up 
into  short,  often  bead-like  fragments  {var.  moniliformU).  A  form 
(var.  ramosn)  with  unusually  well  rounded  and  forked  branches  has 
been  separated  by  many  former  writers  as  a  distinct  species,  but 
intermediate  forms  are  common.  Qnelch  (Voy.  Cball.)  recorded  it 
from  Bermuda.  We  did  not  find  at  Bermuda  the  variety,  or  dis- 
tinct species  ( M.  plicata),  with  broad,  flat,  unbranched  frouds,  which 
is  common  in  some  parts  of  the  West  Indies.  Quelch  also  recorded 
var.  carthageniensis  D.  and  M.  from  Bermuda.  The  hydroid 
nature  of  the  ito5ids  of  this  coral  was  first  ascertained  by  Professor 
Louis  Agassiz,  in  1858,*  and  his  discovery  has  since  been  confirmed 
by  many  others,  who  have  observed  the  zoijids  of  Millepores  in 

*  Amer.  Joom.  Science,  ii,  xxvi,  p.  140,  1858.  Proc.  Boston  Soc.  Nat.  Hiat., 
vol.  Ti,  p.  364,  1858. 
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varioas  parts  of  the  world.  Prof.  Wm.  N.  Rice  observed  the 
zodids  of  Millepora  at  Bermuda  in  1876-7  and  published  sketches 
of  the  defensive  zooids  in  various  states  of  expansion,  showing  con- 
siderable variety  of  forms.* 

The  zo5ids,  so  far  as  now  known,  are  very  similar  to,  if  not  prac- 
tically identical  with  those  of  the  East  Indian  species,  which  have 
been  most  carefully  studied  by  Moseley  and  others. 

The  Bermuda  varieties  agree  exactly  in  form  and  structure  with 
those  of  Florida  and  the  West  Indies,  and  essentially  the  same  form 
occurs  on  the  coast  of  Brazil,  at  the  Abrolhos  Reefs,  but  is  there 
associated  with  a  species  {M.  nitida  Y.)  not  known  in  the  West 
Indies. 

The  nettling  cells  (cnidsB)  of  Millepora  are  unusually  powerful, 
and  are  capable  of  stinging  the  hands  of  some  persons  with  delicate 
skin.  When  a  ireshly  taken  specimen  is  touched  with  the  tongue  or 
lips  the  stinging  power  is  sufficiently  obvious  to  warrant  its  vernacu- 
lar name  of  "Sea  Ginger."  Very  few  other  hydroids  were  met 
with  by  my  parties,  on  the  reefs,  though  probably  a  considerable 
number  occur  there  later  in  the  season. 

Sertularella  Gayi.    Figure  170. 

This  is  the  only  Sertularian  hydroid  that  we  found  common.  It 
grows  on  loose  stones  and  dead  corals,  but  all  of  our  specimens  were 
small  and  immature. 

SO,     Echinoderms;  Sponges;  MoUusks;  Annelids;  Crustaceans^  etc. 

ECHINODEBMATA :  EOHINODEBMS.t 

This  group  is  fairly  well  represented  on  the  coral  reefs,  though 
most  of  the  species  conceal  themselves  so  well  in  cavities  and  crev- 
ices that  they  must  be  carefully  sought  for.  Only  one  species  of 
starfish  (AsCerias  (or  Stolasterias)  tenuispina)  is  common.  The  sea 
urchins  are,  however,  represented  by  several  large  species,  and  the 
serpent-stars  or  ophiurans  by  a  still  larger  number.  Of  crinoids 
only  one  specimen  was  found,  and  that  was  quite  young  (Antedon). 


•  Amer.  Journ.  Science,  vol.  xvi,  pp.  180-182,  figs.  1-20,  1878. 

f  BiBLiooRAPHT. — The  echinoderms  of  the  reefs  are  nearly  all  well  known  West 
Indian  species,  described  in  the  general  treatises  on  this  group.  The  following 
are  the  most  essential  works  : 

Ag<unz,  -4.— Revision  of  the  Echini.  Parts  i-iv.  Illustrated  Catalogue  of 
Museum  Comparative  Zo^^logy,  No.  II.  4to.  49  plates,  1872.  Contains 
figures  and  descriptions  of  all  the  Bermuda  species. 
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H0L0THT7BI0IDEA :   H0L0THX7BIAN& 

Although  a  large  species  of  this  group  {Stichopus  Mohiiy  see  p. 
143,  fig.  37)  is  one  of  the  most  common  and  conspicuous  creatures 
on  the  bottom  of  the  lagoons,  the  few  species  living  on  the  reefs  are 
small  and  live  well  concealed  under  stones  or  in  cavities  of  dead 

Aga$8iz,  A. — North  American  Starfishes.     Memoirs  Mils.  Comp.  Zo51ogy,  vol. 

▼,  No.  1,  1877. 
Clark,  Hubert  Seymour, — Notes  on  the  Echinoderms  of  Bermuda.     Ann.  New 

York  Acad.  Sci.,  vol.  xi,  pp.  407-413,  1898. 

—  Farther  Notes  on  the  Echinoderms  of  Bermuda,  op.  cit.,  toI.  xii,  pp.  117- 

188,  1809. 

—  Bermudian  Echinoderms.    A  Report  on  Observations  and  Collections  made 

in  1899.    Proc.  Boston  Soc.  Nat.  History,  vol.  xxix.  No.  16,  pp.  389-344. 
Heilprin^  Angela, — The  Bermuda  Islands^  pp.  136-145,  pi.  xii,  xiii,  1887. 
LUtkenf  Chr.  Fr. — Oversigt  over  de  Vestindiske  Ophiurer.     Naturhist.  Foren. 

Vidensk.  Meddelelser,  1856. 

—  Additamenta  ad  Historiam  Ophiuridarum.    Pt.  ii,  92  pp.,  5  plates.    Kgl. 

Danske  Videnskab.  Selskabs  Skrifter,  5te  Raekke,  Naturvidensk.  og  mathem. 
Af deling,  v,  1859. 

—  Additamenta  ad  Historiam  Ophiuridarum.    Part  iii.    Kgl.  Danske  Videnskab. 

Selskabs  Skrifter,  8,  Bd.  ii,  pp.  24^101,  1869. 

—  Synopsis  generum  Ophiuridarum  verarum.    (Forms  part  of  the  preceding 

work,  pp.  87-100.)    1869. 
Lyman,  TKeodore. — OphiuridiB  and  Astrophytidae.    lUustr.  Catalogue  Muaeum 

Comp.  Zo51ogy,  I,  1865. 
MUlUr  J.,  and  Troschely  F,  H, — System  der  Asteriden,  1842. 
Sladen,  Walter  P, — Reports  Voy.  Challenger,  TMl.y  vol.  xxz  ;  Report  on  the 

Asteroidea.     1  vol.  text,  1  vol.  plates,  1888. 
Theel,  HJalmar. — Report  on  the  Holothurioidea.     Voyage  Challenger,  Zo51ogy, 

vol.  xiv,  part  39,  1886. 
VerriU^  Addison  E. — Notice  of  the  Corals  and  Echinoderms  collected  by  Prof, 

C.  F.  Hartt  at  the  Abrolhos  Reefs,  Province  of  Bahia,  Brazil,  1867.     Trans. 

Conn.  Acad.  Sciences,  i,  pp.  851-371,  1  pi.,  1868. 

—  Revision  of  certain  Qenera  and  Species  of  Starfishes,  with  descriptions  of 

New  Forms,  op.  cit.,  vol.  z,  part  1,  pp.  145-234,  (a.)  8  pi.  +  1899. 

—  North  American  Ophiuroidea.     Part  i.     Revision  of  certain  Families  and 

Genera  of  West  Indian  Ophiurans.     Trans.  Conn.  Acad.,  vol.  x,  pt.  2,  pp. 
301-371,  1899.     (b.) 

—  The  same.     Part  ii.     A  Faunal  Catalogue  of  the  known  Species  of  West 

Indian  Ophiurans,  op.  cit.,  pp.  372-377,  pi.  xlii,  xliii,  includes  Bibliography, 
18J)9.    (c.) 

—  Additions  to  the  Echinoderms  of  Bermuda.     Trans.  Conn.  Acad.,  x,  part  2, 

p.  583,  1900, 

—  Additions  to  the  Fauna  of  the  Bermudas  from  the  Tale  Expedition  of  1901 , 

with  Not«B  on  other  Species,  op.  cit.,  vol.  i,  pt.  2,  pp.  35-37,  1901. 
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corals,  etc.     The  larger  number  live  buried  in  sand  or  mud  on  the 
fiata  and  shorea.* 

Ouccimtaria  punctata  Lndwig.     Sea  Cucumber.     Figtire  171. 
Clark,  H.  L.,  op.  ait.,  1901,  pp.'S42,  844. 

Semperia  bemvudeniii  Heitprin,  The  Beimnda  Is.,  p.  138,  pi.  zil,  &ga.  2,  2a, 
8,  1869. 

This  ia,  perhaps,  the  most  common  reef  species.  It  lives  firmly 
attached  by  its  sucker-feet  nnder  loose  stones.  In  expansion  it  is 
fnsiform  and  becomes  4  to  6  inches  long,  and  when  its  ten  dendriti- 
cally  branched  tentacles  are  well  expanded  it  presents  an  elegant 


Phot,  from  life  by  A.  H.V. 


appearance.  Its  color  varies  from  yellowish  brown  to  dark  olive- 
green  ;  often  with  darker  brown  blotches  or  longitudinal  stripes; 
sucker-feet  lighter,  yellowish  or  sometimes  reddish. 

Holotboria  captiva  Lndw.    Sea  Gueumbtr. 

Clark,  op.  oil.,  1899,  p.  134  ;  p.  842,  1»0I. 

Bololhuiia  abbreviata  and  H.  caplina  Heilprin,  The  Bermada  Is.,  p.  187,  pi. 
xi).  ftgfl.  4,  5,  8,  8a,  1889. 

This  in  of  about  the  same  size  as  the  last,  bat  is  usually  more 
elongated  in  form  when  fully  expanded.     It  has  about  18  to  20  short 

*  Among  tboae  foDiid  bnrroning  in  the  calcareuns  B/rnds  of  the  flats  are  Holo- 
thuria  Ratkbuni  (see  p.  145,  S^.  38),  Chirodola  rotifera,  and  several  speciea 
of  Synaplif.  (See  p.  14i>.)  One  Bmall  HpecieH  of  Sjfnapla  or  Chondroclaa  {C. 
vivipara,  fig.  173)  has  the  hubit  of  living  exposed,  clinging  firmly  to  alg(B,coralB, 
hydroids,  etc.  by  means  of  its  dermal  anchors.  In  life  it  is  ofteD  green,  blotched 
with  white,  bat  sometiineH  dull  red,  mottled  with  green  or  brownish  red. 
Dsnally  there  is  a  pair  of  dark  brown  spots  at  the  base  of  each  tentacle. 
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shield-like  tentacles  and  its  sneker-feet  are  in  three  definite  rows 
underneath.  Its  color  ia  usnally  deep  olive  green.  It  lives  under 
Btones,  like  the  last. 

Holothnria  surinamensU  Lndw,     ^a  Cuoumber.     Figare  172. 

Clarh,  op.  olt.,  1899,  p.  ISl  ;  IBOl,  p.  344. 

Bolothuria  fioridana  Heilpnn,  op.  cH.,  p.  186,  pi.  lii,  figa.  6,  Ba,  7,  la,  1889 
(non  Pomtalte). 

Common  under  stones  and  corals,  both  on  the  reefs  and  on  the 
islands  at  low   water  mark.     Similar  to  the  last  in  appearance,  but 


mrinameiDii)!,  &bout  n&tnral  size.   Phot,  from  life  bj 

longer.    Color  dull  pale  yellowish  brown  to  dark  olive-brown.     The 
tentacles  vary  in  number,  but  20  is  the  most  common  number. 

ECHINOniEA:    SEA   UBCHINa* 

The  most  abundant  sea  urchin  is  the  dark  purple  or  sometimes 
greenish  species  (Toxopneustea  variegatut,  see  p.  146,  fig.  40),  which 
is  to  be  seen  almost  everywhere  on  the  white  bottom  of  the  lagoons 
in  shallow  water.  It  is  sometimex  found,  also,  on  the  reefs,  though 
it  is  not  a  true  reef  species.  It  ofien  covers  itself  with  broken  shelle 
and  other  debris. 
Cidaria  trilnUoides  (Lam.). 
Flats  XXXIVa,  ko.  1.    Pi^tb  XXXIVb,  no.  2.  Pirate  XXXVI.  no.  1  (11). 

This  species  is  easily  recognized  by  its  stout  cylindrical  spines. 
It  is  not  uncommon  on  the  outer  reefs,  as  in   the   vicinity  of  the 

*  Three  additional  ecbini  occor  onlj  in  the  bayH  on  sandy  or  maddf  bottoma. 
These  are  MelUta  hexapora  (see  above,  p.  146);  Echinoiyfut  semilitnari*  {TOiAOT 
stones  in  sftud  near  Hungry  Bay) ;  Brimua  uaicolor. 
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North  Bocks.     It  adheres  firmly  to  the  rocks,  in  crevices  and  cavi- 
ties, by  means  of  its  sucker-feet. 

Diadema  aetoBUia  Gray.     Lung-spined,  or  black  Sea  Urchin,     Fignre  174. 
PLATI  XXXIV,  FTOUBK  1.        PU.TB  XXXVI.  nQVBS  1  (12). 

This  is  one  of  the  largest  and  most  interesting  forms.  When  full 
grown  the  shell  may  be  3  inches  in  diameter  and  the  slender,  barbed, 
and  very  sharp  spines  may  be  more  than  6  inches  long.  In  life  the 
color  of  the  adnlts  is  purplish  black,  but  when  young  the  slender 
spines  are  annulated  with  purple  and  white.    The  spines  are  effective 

173  174 


Figure  173. — Ckondroctaa  (or  Synapta)  nvipara,   x2.     From   colored   fignre. 
Fignre  174. — Diadema  aeloBum,  with  spines  removed,  about  i  oat.  size.     Fhot. 
and  drawn  by  A.  H.  V. 

organs  of  defence,  and  are  notorious  for  the  painful  wounds  that 
they  infiict  when  an  inexperienced  person  attempts  to  capture  the 
creature.  When  touched  large  numbers  of  spines  are  almost 
instantly  converged  toward  the  point  of  contact.  The  very  sharp 
tips  are  brittle  and  break  off  in  the  wounds.  They  are  hard  to 
remove  on  account  of  their  barbed  structure.  They  also  seem  to 
convey  some  poisonous  secretion,  very  irritating  to  most  persons, 
causing  much  pain  and  swelling,  but  the  purple  discoloration  of  the 
flesh  around  the  wounds,  often  very  alarming  in  appearance,  is  due 
to  the  absorption  of  the  purple  coloring  matter  of  the  spines  and 
soon  passes  away.  This  creature  is  very  active  for  a  sea-urchin,  and 
when  disturbed  usually  quickly  glides  away  and  conceals  itself  in 
some  nearby  cavity  beneath  the  rocks.     It  is  common  on  the  outer 
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reefs  and  is  also  to  be  found  on  the  rough  rooky  shores  of  the  outer 
islands,  as  at  Cooper's  Island,  Castle  Island,  etc.,  in  shallow  water. 

It  can  be  easily  taken  by  means  of  a  barbed  wire,  or  straightened 
fish-hook  attached  to  a  long  slender  stick  and  used  as  a  spear. 

Ecliinometra  subangularis  (Leske).    Plate  xxxiya,  fig.  2. 

The  stout,  sharp  spines  and  somewhat  oblongs  form  of  the  shell 
are  characteristic  of  this  species.  Its  spines,^^  life,  are  generally 
dull  purple  or  greenish. 

It  is  found  on  the  reefs  and  outer  islands  among  rough  rocks  in 
shallow  water,  like  the  last.  It  has  the  singular  habit  of  excavating 
holes  for  itself  in  the  limestone  rocks,  the  holes  being  just  large 
enough  to  hold  the  creature,  whatever  its  size.  How  it  bores  the 
rock  is  not  certainly  known. 

Hipponoe  esculexita  (Leske).    Edible  Sea  Urchin,    Plate  xxzivB,  fig.  2. 

This  large  round  species  is  found  in  the  same  situations  as  the  last 
two.  It  is  not  common  in  most  localities.  It  becomes  4  to  5  inches 
in  diameter.  Its  spines  are  numerous,  rather  short,  and  usually  pale 
green  or  whitish  in  color.  In  some  of  the  West  Indian  islands  it  is 
an  important  article  of  food.  The  principal  edible  portions  are  the 
large  clusters  of  roe. 

ASTEBIOIDEA:  STABFISHE&* 

Asterias  (Stolasterias)  tenuiBpina  (Lam.)    Common  Starfish,    Plate  xxxiv, 
fig.  2.     Plate  xxxivc,  fig.  2.     Plate  xxxvi,  fig.  1  (7). 

No  other  starfish  is  commonly  found  on  the  reefs  without  diligent 
search  under  stones,  etc.  This  species,  however,  is  very  common 
and  usually  lives  exposed.  Its  rays  are  slender  and  easily  detached. 
It  is  usually  irregular  in  form,  with  part  of  its  rays  much  shorter 
than  the  rest,  due  to  the  partial  restoration  of  lost  rays.  The  num- 
ber of  rays  varies  from  5  to  9  or  more,  but  is  most  frequently  6  to  8. 
It  rarely  becomes  .more  than  7  to  8  inches  in  extent.  In  life  its 
colors  are  variable  and  often  attractive,  commonly  some  shade  of 
purple,  or  purple  varied  with  orange. 

It  is  found  also  in  the  Bahamas  and  in  the  Mediterranean  Sea. 


*  The  only  Bermuda  shallow  water  starfish  not  found  on  the  reefs  is  Luidia 
elathratay  which  lives  in  sheltered  sandy  bays.   (For  habits,  see  above,  p.  146.) 
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ABterina  folium  (LtLtken)  Agassiz.    Plate  xxzivc,  figs.  8,  a,  b, 

Asteritetu  folium  Ltltken,  Vidensk.  Medd.  nat.  Foren.,  Ejobenhavn,  p.  00, 

1859. 
Aaterina  folium  A.  Agassiz,  Mem.  Mas.  Comp.  Zool.,  t,  pt.  1,  p.  106.  Sladen, 

Voj.  Challenger,  xxx,  p.  893. 

This  small  starfish  is  pecaliar  in  being  distinctly  blue  while  living, 
a  color  very  unasual  among  echinoderms.  It  is  seldom  more  than 
about  .75  inch  in  diameter  (15  to  20™"').  It  is  not  uncommon  adher- 
ing to  the  under  surfaces  of  large  loose  'blocks  of  stone  and  in 
crevices. 

Linclda  Ouildingii  Gray.    Plate  xxxivc,  fig.  1. 

Gray,  Ann.  and  Mag.  Nat.  Hist.,  7i,  p.  285,  1840.  A.  Agassiz,  North  Ameri- 
can Starfishes,  p.  105,  pi.  xiv,  figs.  1-6.  Verrill,  these  Trans.,  toI.  xi,  p. 
36,  1901.    Sladen,  op.  cit.,  p.  410. 

OphidiasUr  omithopua  Mfill.  and  Trosch.,  Sjst.,  p.  31,  1842. 

This  is  easily  recognized  by  its  round,  slender,  finely  granulated 
rays,  either  five  or  six  in  number,  and  very  often  in  process  of  restor- 
ation after  injuries.  One  ray  is  even  capable  of  regenerating  a  new 
body  and  the  other  arms.  It  may  become  6  inches  or  more  in 
breadth.  It  is  found  under  blocks  of  stone  or  in  crevices,  but  is 
not  common.  It  is  found  also  in  the  West  Indies  and  Cape  Verde 
Islands. 

OPHIUBOIDEA :  OPHTCTBANS. 

The  Ophiurans  are  well  represented  on  the  reefs,  though  most  of 
the  species  hide  themselves  very  effectively  in  crevices,  under  stones 
and  corals,  or  in  the  cavities  of  sponges.* 

Ophiura  cinerea  (Mfill.  and  Tr.)  Lyman. 

Ophioderma  cinereum  Mfill.  and  Troschel,  Syst.  Aster.,  p.  87,  1842. 
Ophioderma  antillarum   Lutk.,  Vid.  Meddel.,  p.  9,  1856;    Add.  ad  Hist. 

Ophiur.,  pt.  ii,  p.  88,  pi.  i,  figs,  la-lc,  1859. 
Ophiura  cinerea   Lyman,  Illnst.  Catal.  Mns.  Comp.  Zool.,  i,  p.  27,  1865. 

Verrill,  these  Trans.,  x,  p.  585,  1900. 

A  large  species,  variable  in  color  ;  usually  brown  or  grayish,  often 
specked  with  darker  brown  ;  arms  often  banded.  The  radial  shields 
are  naked  and  conspicuous  at  the  base  of  the  arms  ;  the  lower  arm- 


*  In  addition  to  the  reef  Ophiurans,  enumerated  below,  the  following  species 
are  found  in  more  sheltered  situations  in  the  bays  and  soands :  Ophionereis 
reticulata,  (pi.  xxxivs,  fig.  2,  a),  common  under  stones  in  sand  at  low  tide  mark 
(see  above,  p.  146);  OphiolepU  paucispina  ;  Amphipholis  squamata;  A.  Ooesi  ; 
Ophioatigma  isaeanthum. 
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or  yellowish  ;    the  arms  often  banded  above  with  pale  green  or 
whitish  ;  sometimes  plain  olive-green  (var.  olivacea). 
Ranges  from  southern  New  England  (var.  olivacea)  to  Brazil. 

Ophiothriz  angulata  (Say)  Ayres.     Plate  xxzivD,  fig.  1. 

Ophiura  angulata  Say,  Jour.  Ffail.  Acad.  Nat.  Sol.,  v,  p.  145,  1825. 
Ophiothrix  violacea  MQll.  and  Trosch.,  Syst.  Aster.,  p.  115,  1842.     Lyman, 

m.  Cat.  Mas.  Comp.  Zool.,  i,  p.  164.     Liltken,  Add.  ad  Hist.  Oph.,  pt.  ii, 

p.  150,  pi.  iv,  figs.  1-ld,  1859. 
Ophiothrix  angulata  Ayers,  Proc.  Boat.  Soc.  N.  Hist.,  It,  p.  249, 1852.  Lyman^ 

niust.  Cat.  Mas.  Comp.  Zool.,  i,  p.  162,  pi.  i,  figs.  l-Z,  1865.     Verrill,  Ball. 

Labor.  Nat.  Hist.  Univ.  Iowa,  v,  p.  19,  1899  (descr.);  these  Trans.,  z,  p. 

585,  1900. 

Easily  distinguished  by  its  long,  slender,  glassy  spines  and  violet 
or  purple,  rarely  brown  color,  often  with  a  white  median  line  on  the 
arms  or  with  whitish  blotches  or  bands,  bordered  by  dark  brown. 

Not  common  here.  It  often  lives  gregariously  among  and  in 
sponges.     Cape  Hatteras  to  Rio  Janeiro,  Brazil. 

Ophiothrix  Suensonii  Lutken. 

« 

Ophiothrix  Suen9onii  Liltken,  Vid.  Meddel.,  p.  15,  1856;  Add.  ad  Hist.  Oph., 
pt.  ii,  p.  148,  pi.  iv,  fig.  2.  Lyman,  lUast.  Catal.,  p.  157,  1865 :  Boll.  Mas. 
Comp.  Zool.,  V,  9,  p.  232;  Verrill,  Ball.  Labor.  Nat.  Hist.,  Univ.  Iowa, 
▼,  p.  21,  1899  (descr.  colors,  etc.) ;  these  Trans.,  x,  p.  585,  1900. 

Similar  to  the  last  in  form,  but  with  more  slender  arms  and  spines. 
Its  colors  are  paler,  often  lavender,  with  a  purple  line  along  the 
middle  of  the  back  of  each  arm,  bordered  by  white,  and  with  radial 
lines  of  purple  on  the  disk.  It  lives  among  sponges,  etc. ;  not  com- 
mon.    More  common  in  Florida  and  the  West  Indies. 

Ophiocoma  echinata  (Lam.)  Agassiz.    Plate  xxxivD,  fig.  2  (1,  2). 

Ophiura  echinata  Lamarck,  Hist.  Anim.  sans.  Vert.,  ii,  p.  543,  1816. 
Ophiocoma  echinata  L.  Agassiz,  Mem.  Soc.  Sci.   Nat.  Neachatel,  i,  p.  192, 

1835.     Lyman,  111.  Cat.  Mas.  Comp.  Zool.,  i,  p.  81,  fig.  5,  1865.     Lyman, 

Report  Voy.  Challenger,  Zool.,  v,  p.  171,  pi.  xlii,  fig.  12,  13,  1882,  anatomy. 

Verrill,  Ball.  Univ.  Iowa,  v,  p.  22,  1900. 
Ophiocoma  crassiapina  Say,  Joar.  Phil.  Acad.  Nat.  Sci.,  v,  p.  147,  1825. 
Ophiocoma  erasaiapina  Lutken,  Add.  ad  Hist.  Oph.,  pt.  ii,  p.  142,  pi.  iv,  fig.  7, 

1859. 

A  large  dark  brown  or  grayish  black  species  with  large  stout  upper 
arm-spines.  Lives  among  corals  and  in  crevices  of  the  reefs.  Com- 
mon from  Florida  to  Colon,  and  Cumana  and  throughout  the  West 
Indies  to  Brazil  in  shallow  water. 
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spines  are  the  longest ;  oral  shields  broad  heart-shaped  ;  arms  long, 
terete,  regularly  tapered. 

It  conceals  itself  in  rock  crevices.  Ranges  through  the  West 
Indies  to  Bahia,  Brazil. 

Ophiura  appreua  Say. 

Ophiura  apprnssa  Say,  Jonrn.  Phil.  Aoad.,  ▼,  p.  151,  1825.     Lyman,  111.  Cat. 

Mas.  Comp.  Zool.,  i,  p.  34,  1865.     Verrill,  op.  cit.,  1899. 
Ophioderma  virescens  Lutken,  Vid.  Meddel.,  Jan.,  1856,  p.  9;  Add.  ad  Hist. 

Ophior.,  pt.  ii,  p.  92,  pi.  i,  fig.  4. 

Agrees  with  the  last  in  having  the  lower  arm-spines  longest,  but 
the  radial  shields  are  covered  by  the  granulations  of  the  disk  ;  arm- 
spines  about  nine,  short  and  flat.  The  color  is  very  variable;  usually 
greenish  or  grayish  green,  mottled  or  specked  with  darker  green  and 
whitish  ;  sometimes  pale. 

It  lives  in  rock-crevices  ;  ranges  southward  to  Brazil. 

Ophiura  brevicauda  (LQtk.)  Lyman. 

Ophioderma  brevicauda  Ltttken,  Yidensk.  Meddel.,  Jan.,  1856,  p.  8;  Addit.. 

ad  Hist.  Ophinr.,  pt.  ii,  p.  94,  pi.  1,  figs.  S-^e,  1859. 
Ophiura  brevicauda  Lyman,  Illast.  Catal.  Mas.  Comp.  Zool.,  i,  p.  16,  1865. 

Verrill,  these  Trans.,  x,  p.  584,  1900. 

The  arm-spines  are  equal,  short,  stoulish.  Disk  coarsely  granu- 
lated ;  arms  short,  about  3^  times  diameter  of  disk  ;  lateral*  oral 
plates  granulated.  Colors  various  ;  often  green,  red,  or  brown, 
irregularly  mottled. 

Crevices  in  the  reefs  ;  not  common.  Florida  and  West  Indies  to 
South  America. 

Ophiura  breviBpina  Say.    Plate  xzxivE,  fig.  2,  b. 

Ophiura  brevispina  Say,  Jonr.  Phil.  Acad.  Nat.  Sci.,  v,  p.  149,  1825.  Lyman, 
Proc.  Bost.  Soc.  Nat.  Hist.,  vii,  p.  258,  1860;  111.  Cat.  Mns.  Comp.  Zool.,  i, 
p.  18.     Verrill,  Bull.  Univ.  Iowa,  v,  p.  4,  1899. 

Ophioderma  olivaceum  Ayers,  Proc.  Bost.  Soc.  Nat.  Hist.,  !▼,  p.  184,  1852. 

Ophioderma  serpens  Llltken,  Vid.  Meddel.,  Jan.,  1856,  p.  7;  Add.  ad  Hist. 
Ophinr.,  pt.  ii,  p.  96. 

Ophiura  olivacea  Lyman,  111.  Cat.  Mns.  Comp.  Zool.,  i,  p.  28,  1865. 

This  species  has  6  to  8  arm-spines,  about  equal  and  flattened. 
Radial  shields  usually  covered  ;  lateral  oral  shields  naked.  Color 
variable,  usually  green  or  greenish  gray,  mottled  with  lighter  green 
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or  yellowish  ;    the  arms  often  banded  above  with  pale  green   or 
whitish  ;  sometimes  plain  olive-green  (var.  oUvacea). 
Ranges  from  southern  New  England  (var.  olivacea)  to  Brazil. 

Ophiothrix  angulata  (Say)  Ayres.     Plate  xxzivD,  fig.  1. 

Ophiura  angulata  Say,  Jonr.  Phil.  Acad.  Nat.  Soi.,  v,  p.  145,  1825. 
Ophiothrix  violacea  MQll.  and  TroBch.,  Syfit.  Aster.,  p.  115,  1842.     Lyman, 

m.  Cat.  MuB.  Comp.  Zool.,  i,  p.  164.     Ltitken,  Add.  ad  HiBt.  Oph.,  pt.  ii, 

p.  150,  pi.  iv,  figs.  1-ld,  1859. 
Ophiothrix  angulata  Ayers,  Proc.  Boat.  Soc.  N.  Hist.,  iv,  p.  249, 1852.  Lyman, 

IlluBt.  Cat.  Mob.  Comp.  Zool.,  i,  p.  162,  pi.  i,  figs.  1-a,  1865.     Verrill,  Bull. 

Labor.  Nat.  Hist.  Univ.  Iowa,  v,  p.  19,  1899  (descr.);  these  Trans.,  x,  p. 

586,  1900. 

Easily  distinguished  by  its  long,  slender,  glassy  spines  and  violet 
or  purple,  rarely  brown  color,  often  with  a  white  median  line  on  the 
arms  or  with  whitish  blotches  or  bands,  bordered  by  dark  brown. 

Not  common  here.  It  often  lives  gregariously  among  and  in 
sponges.     Cape  Hatteras  to  Rio  Janeiro,  Brazil. 

Ophiothrix  Suenflonii  LQtken. 

Ophiothrix  Suensonii  Ltitken,  Vid.  Meddel.,  p.  15,  1856;  Add.  ad  Hist.  Oph., 
pt.  ii,  p.  148,  pi.  iv,  fig.  2.  Lyman,  Illnst.  Catal.,  p.  157,  1865 ;  Bnll.  Mns. 
Comp.  Zool.,  V,  9,  p.  232;  Verrill,  Bull.  Labor.  Nat.  Hist.,  Univ.  Iowa, 
V,  p.  21,  1899  (descr.  colors,  etc.) ;  these  Trans.,  x,  p.  585,  1900. 

Similar  to  the  last  in  form,  but  with  more  slender  arms  and  spines. 
Its  colors  are  paler,  often  lavender,  with  a  purple  line  along  the 
middle  of  the  back  of  each  arm,  bordered  by  white,  and  with  radial 
lines  of  purple  on  the  disk.  It  lives  among  sponges,  etc. ;  not  com- 
mon.    More  common  in  Florida  and  the  West  Indies. 

Ophiocoma  echinata  (Lam.)  Agassiz.    Plate  xzxivn,  fig.  2  (1,  2). 

Ophiura  echinata  Lamarck,  Hist.  Anim.  sans.  Vert.,  ii,  p.  548,  1816. 
Ophiocoma  echinata  L.  Agassiz,  Mem.  Soc.  Sci.   Nat.  Nenchatel,  i,  p.  192, 

1835.    Lyman,  111.  Cat.  Mns.  Comp.  Zool.,  i,  p.  81,  fig.  5,  1865.     Lyman, 

Report  Voy.  Challenger,  Zool.,  v,  p.  171,  pi.  xlii,  fig.  12,  18,  1882,  anatomy. 

Verrill,  Bull.  Univ.  Iowa,  v,  p.  22,  1900. 
Ophiocoma  craasispina  Say,  Jour.  Phil.  Acad.  Nat.  Sci.,  v,  p.  147,  1825. 
Ophiocoma  crassispina  LQtken,  Add.  ad  Hist.  Oph.,  pt.  ii,  p.  142,  pi.  iv,  fig.  7, 

1859. 

A  large  dark  brown  or  grayish  black  species  with  large  stout  upper 
arm-spines.  Lives  among  corals  and  in  crevices  of  the  reefs.  Com- 
mon from  Florida  to  Colon,  and  Cumana  and  throughout  the  West 
Indies  to  Brazil  in  shallow  water. 
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OpMocoma  Biiaei  Liitken.    Plata  zzxivD,  fig.  2  (3). 

Ophioamia  Riisei  Lutken,  Vid.  Meddel.,  p.  14,  1866 ;  Add.  ad  Hist.  Oph.,  pt. 
liy  p.  148,  pi.  iVy  fig.  6.  Lyman,  111.  Cat.  Mas.  Comp.  Zool.,  i,  p.  76. 
Yerrill,  Bnll.  State  Univer.  Iowa,  1809,  p.  22 ;  these  Trans.,  x,  p.  586,  1900. 

Similar  in   size  to  last,  but  has  the   upper  arm-spines  slender. 
Usually  jet-black  or  nearly  so. 

Common  on  the  reefs.     Has  the  same  range  and  habits  as  the  last. 

OpMocoma  pumila  Lutken.    Plate  zzxIte,  fig.  1. 

Ophwcoma  pumila  Lutken,  Vid.  Meddel.,  p.  18,  1856  ;  Add.  ad  Hist.  Oph., 
pt.  ii,  p.  146,  pi.  iv,  fig.  5,  1859.  Lyman,  111.  Oat.  Mas.  Comp.  Zool.,  i,  p. 
71,  1865. 

Much  smaller  than  the  two  preceding.    Often  has  six  arms.  Colors 
light  brown  varied  with  darker.     Same  range  as  the  last  two. 

OpMopsila  Biisei  Liitken. 

Ophiopsila  Riisei  Lutken,  Add.  ad  Hist.  Oph.,  pt.  ii,  p.  136,  pi.  v,  fig.  2, 1869. 
Lyman,  lUus.  Catal.  Mas.  Comp.  Zool.,  i,  p.  150,  figs.  16,  17,  1865;  Report 
Voy.  Challenger,  Zool.,  v,  p.  160,  pi.  xl,  figs.  1-8,  1882  (anatomy).  Verrill, 
these  Trans.,  vol.  x,  p.  586,  1900. 

Not  common  ;  lives  under  corals  and  stones  and  in  crevices. 


Ophiactis  Erebsii  Lutken. 

Ophiwitia  Krebsii  Lutken.  Vid.  Meddel.,  p.  12,  1856;  Addit.  ad  Hist.  Oph., 
pt.  ii,  p.  126.  Lyman,  III.  Cat.,  i,  p.  Ill,  figs.  10,  11.  Verrill,  Bull.  Univ. 
Iowa,  V,  p.  34,  1899. 

Ophiactis  Savignyi  (pars)  Lyman,  Report  Voy.  Challenger,  Zool.,  v,  p.  115. 

A  small,  rough,  green  and  gray  species,  usually  with  six  or  seven 
unequal  arms  ;  four  oral-papillae  ;  upper  arm-plates  lobed  medially. 
It  spontaneously  divides  when  young.  Lives  in  cavities  of  large 
sponges,  etc.;  common.     Ranges  from  South  Carolina  to  Brazil 

Ophiactis  Hulleri  Lutken. 

Ophiactis  Mullen  Lutken,  Add.  ad  Hist.  Oph.,  ii,  p.  127,  1859.  Lyman, 
Illufl.  Cat.,  p.  109,  1865. 

Similar  to  the  last  in  appearance  and  habits.  It  has  but  two  oral 
papillae,  four  rough,  short  and  blunt  arm-spines,  next  to  the  upper 
largest ;  upper  arm-plates  oval,  not  lobed.     Color  usually  green. 
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Ophiomyxa  flaccida  (Sa;)  LOtkeii. 

Ophiura  fiaceida  Saj,  Jour.  Phil.  Acad.  Nat.  Sci.,  t,  p.  ISl,  1835. 
Ophiomyxa  ftaccida  Lutkeo,  Add.  ad  Hist.  Opbior.,  pt.  ii,  p.  138,  pi.  7,  fig. 

I,  1S59.     LjniBn,  111.  Cat.  Hiu.  Comp.   Zool.,  i,  p.  ITS,  pi.  ii,  flgB.  18,  19; 

V07.  Chall.,  V,  p.  34S,  pi.  ilili,  Bgs.  1-3  (aoatom;),  1882.     Verrill,  Boll. 

Univ.  Iowa,  v,  p.  86,  1899  (colors,  etc.). 


FigDre  ITS. — Ophiomj/xa  flaeeida;  a,  doTMl  side  of  disk  ;  6,  oral  eide,  nat.  bIm; 
e.  montb-OTganB  and  lower  side  of  arm,  enlaiged.     After  Lutken. 

This  rather  large  species  has  the  disk  covered  with  a  soft,  smooth 
skin,  without  plates.  Its  colors  are  usually  bright  or  dark  yellow, 
orange,  or  greenish  varied  with  yellow.  It  may  become  6  to  8 
inches  across.  Conceals  itself  in  crevices  of  the  reefs  and  under 
dead  corals.     Ranges  from  Florida  to  Brazil. 

AatToporpa  aSnia  Latken. 
Addit.  ad  Hist.  Ophjor.,  ii,  p.  154,  pi.  t,  figs.  5b,  5b,  1859.    Venlll,  these 
Trans.,  xi,  pt.  1,  p.  36,  1001. 

This  singular  species  has  only  occurred  olinging  to  the  targe  stony 
gorgonian,  Verrucella  grandU,  taken  in  about  100  feet  of  water  on 
the  outer  reefs.  It  is  rough  and  so  annulated  with  lighter  and 
darker  brown  that  it  closely  resembles  the  gorgonian  branches. 


CBINOIDBA. 

Antedon,  sp.  Young. 

A  single  specimen,   too  young  for  accurate   identification,  was 
obtained  in  1901. 
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belong  to  the  group  of  homy  sponges  {Keratosa)^  which  includes  the 
commercial  sponges  (genus  Spangia),  but  there  are  very  few  spe- 
cies in  Bermuda  waters  that  are  sufficiently  fine  and  elastic  to  be  of 
any  value,  though  two  or  three  species  are  used  by  the  fishermen  for 
boat-sponges  and  similar  rough  uses. 

It  is  quite  probable  that  some  of  the  more  valuable  Bahaina  and 
Florida  sponges  would  flourish  at  Bermuda,  if  once  introduced  there 
by  artificial  means,  which  could  easily  be  done  by  vessels  having 
live  wells. 

Most  of  the  horny  sponges  while  living  are  dark  umber-brown, 
purplish  brown,  or  glossy  black,  though  a  few  are  distinctly  yellow, 
purple,  or  red.  The  tube-f^ponges  ( Tuba,  or  Spinosella)^  which  are 
common  and  attractive  silicious  species,  are  dark  yellowish  gray  to 
grayish  brown  in  life.  The  most  conspicuous  of  all  the  sponges  is 
a  very  common,  large,  soft,  bright  red  species  {Tedania  ignis) 
which  grows  in  various  forms,  either  encrusting  or  massive  and 
lobate,  or  even  branching.  It  varies  in  color  from  scarlet  to  bright 
red  and  dark  red,  and  is  often  two  to  three  feet  across.  It  belongs 
to  the  group  of  monaxid  silicious  sponges. 

The  Bermuda  sponges  have  hitherto  been  but  little  studied, 
although  large  collections  have  been  made.* 


Die  Spongien  des  Meerbiisens  von  Mexico  and  des  Caraiblsohen  Meeres, 

Jena,  1879,  1880,  2  parts. 

Topsentj  E, — Une  R^forme  dans  la  Classification  des  Halichondrina.  Memoirs 
Soc.  Zoologiqne  de  France,  vol.  yii,  pp.  1-36,  1804.  Diagnoses  of  all  the 
genera. 

Introduction  a  VEtude  Monog.  des  Mpnaxonides  de  France.  Classifica- 
tion des  Hadromerina.  Archives  de  Zoologie  exp^rimentale  et  g^n^rale, 
ser.  3,  vol.  Ti,  1898,  pp.  91-118.    Diagnoses  of  all  the  known  genera. 

The  Same,  Part  HI.  op.    cit.,  voL  viii,  1900,  pp.  1-881,  plates  i-viii. 


(Descriptions  of  Hadromerina,  bibliography,  etc.) 

Whitfield,  R.  P. — Notice  of  a  New  Sponge  from  Bermnda  and  of  some  other 
Forms  from  the  Bahamas.  Bull.  Amer.  Mns.  Nat.  History,  New  York,  toI. 
xiv,  pp.  47^0,  1901. 

Wilsony  H,  F.— The  Sponges  collected  in  Porto  Rico,  in  1899,  by  the  U.  S.  Fish 
Com.  Steamer  Fish  Hawk.  Bull.  XJ.  S.  Fish  Com.  for  1900,  vol.  xx,  part  2, 
pp.  877-411,  1902. 

*  Mr.  G.  Brown  Goods  and  Professor  W.  N.  Rice,  in  1876  and  1877,  made 
large  collections,  especially  of  the  homy  sponges,  some  of  which  were  examined 
by  Professor  A.  Hyatt,  while  preparing  his  memoirs  on  that  group  of  Porifera, 
bnt  the  bnlk  of  Mr.  Goode's  large  collection  was  not  received  nntil  after  Hyatt's 
second  memoir  was  completed.     Part  of  this  collection  is  now  in  the  Mnsenm  of 
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Most  of  the  keratose  sponges  have  been  recorded  in  the  memoirs 
of  Prof.  Hyatt.  Those  found  on  the  reefs  by  my  parties  will  be  dis- 
cussed in  the  latter  part  of  this  chapter.* 


SILICIOUS  SPONGES. 

The  Bermuda  silicious  sponges  are  represented  in  our  collections 
by  about  38  species,  but  many  of  them  have  not  yet  been  carefully 
studied  and  are  not  now  enumerated.  The  reef  species  belong 
mostly  to  the  Monaxonida,  in  which  the  skeletal  spicules  are 
unbranched ;  but  there  are  also  several  representatives  of  the 
Tetraxonida,  in  which  part  of  the  skeletal  spicules  have  four 
branches,  often  in  the  form  of  anchors  or  grapples  with  three  flukes 
and  a  long  shank.  Several  species  of  this  group,  forming  more  or 
less  spheroidal  masses,  with  a  radiate  interior  structure,  belong  to  the 

Wesleyan  UniveTsity,  and  part  in  the  U.  3.  Nat.  MnBenm  and  Boston  Soc.  Nat. 
History,  with  Hyatt's  identifications,  mostly  made  after  his  works  were  pub- 
lished. My  own  parties,  1898  and  1901 ,  also  made  large  collections.  I  have  com- 
pared most  of  OUT  specimens  of  Keratosa  with  those  labelled  by  Professor  Hyatt. 
Many  of  the  calcareous  sponges  (9  species,  mostly  dredged)  were  described  by 
Pol^jaeff  in  the  Reports  of  the  Voy.  of  the  Challenger  (vol.  yiii,  part  24),  but 
several  others,  found  on  the  reefs,  are  in  our  collections. 

*  The  following  are  the  principal  ones  hitherto  recognized  by  me  : 

Spoiiigia  lapidescens.    Common :  var.  turrita  Hyatt,  very  common :  var.  cont- 

fera  Ver.  (with  finer  texture  and  smaller  and  more  regular  cones). 
Spongia  lignea,  var.  crassa  Hyatt. 

■ 

Spongia  anomala  Hyatt. 

Spongia  punctata,  var.  bermudensis  Hyatt  MSS. 

Spongia  cortosta,  var.  elongata  Hyatt. 

Spongia  gossypina  D.  and  M.  (t.  Hyatt). 

Spongia  cerebriformiSf  var.  obscura  Hyatt. 

Hircina  armata  (D.  &  M.,  sens,  ext.)  Very  common  :  var.  fiatularis  V.,  var. 
nov. ,  very  common ;  it  has  hollow  branches,  with  large  terminal  vents. 
Also  varieties  marginaliSj  cylindrical  columnarts,  etc. 

Hircina  acuta  (D.  Sl  M.). 

Spongelia  fragilis  (Mont.)=Z>2/stdea  fragilis  H. 

Dendrospongia  crasaa  Hyatt.     Common. 

Aplysina  fiatularis  (£^per).  Yellow  tube-sponge. 

Aplysina  hirsuta  (Hyatt,  as  Verongia). 

Verongula  prcetexta  (Hyatt,  as  Aplysina).  This  new  generic  name  is  proposed 
as  a  substitute  for  Aplysina  Hyatt,  for  those  species  having  regular,  diver- 
gent, angular  radial  canals,  with  thin  latticed  walls,  producing  a  honey- 
comb-like structure.  It  includes  also :  F.,  gigantea  H.;  V.  rigida  vD.  &  M.) ; 
V.  cellulosa  (H.) ;   V.  aurea  (H.),  etc. 
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genus  StelleHa;  some  of  them  occur  under  large  flat  stones,  others  in 
sand.  A  large  species,  growing  in  hard,  thick,  lobate  crusts  on  the 
reefs,  is  Geodia  gihberosa  ;  its  hard  cortex  is  tilled  with  spheroidal 
spicules  (sterrasters),  fig.  176.     Also  one  of  the  fleshy  sponges. 

(Jligoailicina.  Fleshy  or  cartilaginous  sponges,  without  a  skele- 
ton, but  usually  with  abundant,  minute,  star-shaped  flesh-spicules, 
with  many  rays  (euasters).     Family,  Chondrillidce, 

HOKAXOKIBA. 

Some  of  these  are  conspicuous  on  account  of  their  large  size  or 
brilliant  colors,  like  the  very  common  scarlet  sponge  ( Tedania) ;  or 
have  characteristic  forms,  like  the  tube-sponges  {Spinosella)^  but 
many  are  inconspicuous  and  have  irregular  or  incrusting  forms. 

This  order  is  represented  here  by  several  groups,  mostly  distin- 
guishable by  their  spicules  : 

1.  Chalinoidea^  or  Honxorhnphida^  in  which  the  spicules  are 
nearly  all  of  one  kind,  usually  fusiform,  acute  at  both  ends  (pxeii)^ 
and  enclosed  in  or  held  together  by  reticulated  horny  fibers  ;  no 
flesh-spicules  (microscleres).     Families,  Chalinidcs  and  Renieridoe. 

2.  Heterorhaphidiiy  in  which  the  skeletal  spicules  may  be  of  two 
or  more  forms,  usually  oxeotes  (oxea),  combined  with  needle-shaped 
forms  (styles),  pin-shaped  forms  (tylostyles);  with  a  head  at  both 
ends  (tylotes);  or  with  both  ends  blunt  (strongyles).  With  these 
there  are  usually  minute  flesh-spicules,  generally  either  C-shaped 
(sigraas  or  sigmata) ;  bow  shaped  (toxa);  or  slender  hair-like  forms 
(rhaphides)  ;  but  never  anchor-like  (chelaa).  Families,  TedanidoRy 
Desmacellidfe,  Gell iodides, 

3.  Desmacidontoidea.  In  this  family  the  skeletal  spicules  may  be 
of  various  forms:  styles,  tylostyles,  oxea,  etc.,  but  the  flesh -spicules 
are  minute  anchor-like  forms  (chelie)  with  hooks  or  flukes  at  both 
ends;  sometimes  these  are  combined  with  sigmata,  etc.  The  skeletal 
spicules  are  usually  enclosed  in  horny  fibers.     Family,  Esperellid(B, 

4.  ^hinonemata.  In  these,  spicules  project  as  special  spines  from 
the  surfaces  of  the  fibers:  they  are  usually  styles  or  tylostyles,  often 
spinulated.     Families,  Af/elasidoB  {  =  Ecti/onid(B),  Clathriadce, 

5.  Axinelloidea.  Usually  branched  sponges  with  distinct  axial 
fibers,  which  are  plumosely  branched  and  filled  with  styles,  stron- 
gyles, or  oxea.  Flesh-spicules  seldom  present,  sometinjes  spirasters 
or  asters;  never  chelae.     Family,  AxinellidcB. 

6.  Cluvata  or  Suheritoidea.  Massive,  lobate,  or  boring  sponges  ; 
skeletal  spicules  mostly  tylostyles  or  styles  ;  often  no  flesh-spicules  ; 

Trans.  Conn.  Acad.,  Vol.  XII.  22  May,  1907. 
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when  present,  apinilas,  Bpirastes,  or  asters;  little  or  nospongin;  no 
homy  fibers ;  usually  a  compact  cortex.  Families,  Suheritidie,  Poly- 
mastidcs,  Clionidte,  SpiraatrtUidce. 

Family,  Chondrillidce. 
OhondrillA  nucula  O.  Scbm.     Figure  ITT. 

A  soft,  smooth  sponge,  with  a  toagh  cortex  and  a  lubricous  sur- 
face, forming  small  hemispherical  masses,  or  thick  convex,  often 
irregular,  incrusting  forma,  usually  1  to  3  inches  in  diameter,  on 
rocks,  dead  corals,  etc.     Color  various ;  most  frequently  dark  olive 


Fignie  1T6. — Oeodia  gibbenau ;  a,  b,  e,  Bterraaters  iu  different  Hta);sfl  ol  growth. 
Figure  1T7. — Ckondiilla  nucviu ;  enastera  of  different  sizes.    Drawn  b;  A.  H.  V. 

green,  varying  to  smoky  brown  or  blackish,  and  to  light  green  and 
yellowish  green,  Its  texture  is  somewhat  cartilaginous  and  elastic, 
without  skeletal  fibers.  Minute,  spinulated,  spherical  flesh-spicnles 
(spherastera)  are  thickly  scattered  through  the  interior  and  more 
abundantly  and  partly  of  larger  size  in  the  cortex. 

Very  common  at  low  tide  ;  occurs,  also,  throughout  the  West 
Indies. 

Family,  Chalinidcp.     (See  p.  333.) 
Bpinoaella  sororia  (D.  aud  H.)  Dendy .     Tube  Spongr.    Figures  141a,   179 ; 
Plato  xiXTi,  Bg.  I  (21). 
Tabu  loioria  Dncb.  and  Mich.,  Spong.  mer.  Carsibe,  p.  48.  pi.  viii,  fig.  1, 

1864.     (The  name  T«ba  was  preoccupied.) 
Spinotella   aororia    Dendy,  Trans.   Zool.   Soc.  London,  vol.   lii,  p.   360,  pi. 

Iviii,  fig.  7,  pi.  lix,  flg.  1,  1890. 
Siphonochaliaa*  popyraixa  Schmidt,  Spong.  atlant.  Gebiet.,  p.  33,  18T0,  and 
var.  Beniiudensis. 

This  Bpecies  is  common  at  moderate  depths,  especially  in  partially 
sheltered  pjacfs.  It  generally  forms  a  group  of  several  upright  tubes, 
1.5  to  2  inches  in  diameter,  more  or  less  united  at  the  base,  with  the 

•  The  name  Siphonochatina  has  been  restricted  by  recent  writers  to  the  tnbe- 
Bponges  having  a  smooth,  even  surface.  It  seems  doubtful  if  this  be  a  good 
generic  chiiracter.     One  species  of  that  group  occurs  in  Bermuda. 
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free  portion  often  a  foot  or  more  high.  The  opening  at  the  summit 
of  the  tabes  has  a  thin  edge,  usually  fringed  with  little  plumose  pro- 
jections. Outer  surface  usually  ornamented  with  more  or  less  numer- 
ous spiniform  processes.  Oscules  on  the  inner  surface  of  the  tubes. 
There  are  numerous  varieties,  based  mainly  on  the  character  of 
the  outer  surface,  which  may  be  quite  smooth  or  it  may  have  various 
forms  of  conules.  Sometimes  the  same  tube  will  be  smooth  distally, 
for  half  its  length,  and  covered  with  aculeate  or  conical  prominences 
below.  The  color  in  life  is  usually  dark  yellowish-gray  or  tawny 
yellow  ;  when  well  dried  it  is  usually  yellow,  yellowish-gray,  or 
yellowish -brown. 

Spinosella  stolonifera  (Whitf.). 

Siphonoc?ialina  stolonifera  Whitfield,  Ball.  *Amer.  Mns.  Nat.  Hist.,  yoI.  xiv, 

p.  47,  plates  i-iii,  1901. 
?  Callyspongia  Eschrichtii  Dnch.  and  Mich.,  op.  cit.,  p.  56.    PI.  xii,  fig.  1.* 

This  singular  and  rare  species  has  smaller  tubes  than  the  pre- 
ceding, with  one  or  two  circles  of  spinose  elevations  near  the  top, 
while  an  intricate  mass  of  stolon-like  processes,  mostly  not  tubular, 
is  given  off  from  the  base.  The  spicules  are  simple  oxeote  forms, 
nearly  as  in  the  last. 

Pachychalina  ceUulosa,  sp.  nov.    Plate  xxxyd,  figs.  8,  9,  spicules. 

Sponge  irregularly  dichotomously  branched,  the  branches  rounded, 
unequal,  about  .75  inch  (15-25°^°^)  in  diameter,  and  4  to  6  inches 
long,  often  repent,  elastic  when  wet,  subrigid  and  light  when  dry. 
Oscules  scattered,  very  little  raised,  3-4""  in  diameter.  Internal 
reticulations  rather  coarse,  with  rather  strong  fibers  containing  much 
ppongin.  Beneath  the  surface  layer  the  canals  or  areoIsB  are  rela- 
tively large  (2-8°""),  angular,  honeycomb-like,  separated  by  thin 
reticulated  walls,  and  often  form  linear  series.  The  dermal  layer, 
when  intact  and  dry,  is  thin,  openly  but  finely  reticulated,  with  the 
angular  pores  mostly  arranged  in  groups  or  double  circles  around  a 
central  pore  over  the  areolae,  and  with  a  small  projecting  point  at 
each  angle.  The  skeleton  fibers  are  .05  to  .12""  in  diameter  and 
contain  very  numerous  multiserial,  slender,  sharp,  oxeote  spicules, 
usually  .10* to  .15"",  rarely  .18""  long,  mostly  shorter  than  the  sides 
of  the  meshes,  and  mostly  entirely  enclosed  in  the  spongin  fibers. 
Color,  when  dried,  dark  reddish  brown  ;  lighter  red  in  life. 

Our  specimens  are  much  infested  with  the  Zoanthid,  ParazoafUhus 
parasiticus.     (See  p.  295.) 

*  In  the  text  the  reference  is  erroneously  to  pi.  vii,  fig.  8.  Many  similar 
errors  occnr  in  referring  to  the  plates  in  the  same  work. 
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Pachychalina  elaBtica,  8p.  nov. 

Sponge  tough  and  elastic  when  wet,  elastic  even  when  dry,  digi- 
tate and  somewhat  dichotomous,  the  branches  springing  from  a  short, 
stout,  compressed  stem.  Branches  10  to  25"™  in  diameter,  and  50  to 
Y5™"  long,  nearly  round,  often  swollen  distally,  sometimes  coalescent. 
Oscules  large,  scattered  on  the  sides.  Surface,  when  dry,  conspicu- 
ously areolated  when  the  external  net-work  is  lost.  The  areolae  are 
2-3""  in  diameter,  deep,  subangular,  and  separated  by  rather  stout 
partitions,  often  1-2""  thick,  composed  of  strong  and  elastic,  rather 
coarsely  reticulated  fibers,  many  of  those  next  the  surface  free  at 
the  tips,  giving  the  surface  a  tufted  and  spongy  appearance.  Outer 
layer  easily  detached  ;  when  present,  it  consists  of  a  rather  open 
and  regular  network  of  slander  fibers,  allowing  the  areolae  to  be 
easily  seen  through  it,  with  the  meshes  about  .2""  wide. 

The  spicules  are  slender  oxeotes,  very  acute,  often  bent,  .15  to 
.20"°'  long.  They  are  multiserial  and  crowded  in  the  fibers,  but  well 
covered  by  spongin.  Color,  when  dried,  yellowish  brown.  Not 
very  common  on  the  reefs. 

Pachychalina  millepora,  sp.  nov.    Plate  zxxvc,  fig.  8. 

A  delicate  irregularly  branched  sponge,  fragile  when  dry ;  surface 
nearly  smooth,  very  finely  reticulated;  branches  irregular  in  size  and 
form,  varying  from  1 2  to  25""  or  more  in  diameter  at  different 
places.  Oscules  irregularly  scattered  on  the  branches,  2-4""  in 
diameter,  with  the  edges  slightly  fiinged  and  little  raised;  some- 
times funnel-shaped.  Dermal  layer  very  finely  and  pretty  regularly 
reticulated.  The  meshes  angular  or  rounded,  with  minute  points  at 
the  angles.  Areolae,  under  the  cortex,  not  crowded,  separated  by 
walls  equal  in  thickness  to  the  diameter  of  the  areolae.  Fibers  about 
.03  to  .04""thick,  filled  with  abundant  multiserial  spicules,  which  are 
rather  slender  oxeotes,  mostly  .2  to  .22""  long,  often  about  equal  in 
length  to  the  sides  of  the  meshes. 

Pachychalina  monticulosa,  sp.  nov.    Plate  xxzvd,  figs.  6,  7. 

Sponge  encrusting,  or  massive  and  irregularly  lobulate,  bearing 
subconical  on  mammiform  elevations,  each  having  at  the  summit  a 
rather  large  oscule,  3-5""  in  diameter.  Internal  texture  not  very 
fine;  dermal  reticulation  formed  by  small  polygonal  meshes,  visible 
to  the  naked  eye.  Subderraal  areolae  rounded,  very  unequal  in  size, 
the  larger  about  1""  broad,  separated  by  walls  usually  about  as  wide, 
made  up  of  irregular  and  somewhat  coarse  reticulations,  tympanized 
by  films  of  sarcode.     Fibers  rather  coarse,  uneven,  with  numerous 
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slender,  acate,  oxeote  spicules,  mostly  entirely  enclosed  in  the  red- 
dish spongin,  but  many  are  partly  free  in  the  meshes. 

The  spicules  are  mostly  about  .22-. 26"™  long.     Very  common. 

Color  red  in  life;  reddish  brown  when  drv. 

Pachychalina  micropora,  sp.  noY.    Fig.  178.    Plate  xzxvc,  fig.  7,  spicules. 

A  delicate  sponge,  friable  when  dry,  encrusting,  or  fonning  small 
convex  or  lobate  masses.  Surface  smooth  ;  dermal  layer  thin,  dis- 
tinct, very  finely  reticulated,  the  pores  microscopic,  oscules  few, 
4-5""  in  diameter,  mostly  on  summits  of  low  conules.  Subdermal 
areolsB  small,  about  .5-1""  in  diameter,  with  rounded  angles,  and 
separated  b}'  walls  often  2-3""  thick  and  finely  reticulated.  Fibers 
slender,  multispiculose,  with  small  amount  of  spongin.  Spicules  very 
small  and  mostly  decidedly  short,  mostly  bent  oxeotes  (see  figures) 
about  .01-.015""  in  length,  by  .00066  to  .00094""  in  diameter. 

A  few  long  slender  oxeotes,  about  .45""  long  {Gg.  7,  b  of  plate), 
were  also  observed;  they  may  be  of  extraneous  origin. 

Color  yellowish  white  when  dry. 


Figare  178. — Pachychalina  micropora ;  one  of  the  conules,  with  oscule,  x  2; 
by  A.  H.  V. 

Cribroclialina  Bartholmei  (D.  &  M.). 

Spongia  Bartholmei  Duch.  and  Mich.,  op.  cit.,  p.  42,  pi.  vi,  figs.  3,  4,  1864. 

When  well  grown  this  has  the  form  of  a  large  regular  funnel,  or 
of  a  broad  C!ip,  with  a  short  narrow  stem.  It  may  become  10  inches 
high  and  6  to  8  broad.  The  sides  are  8  to  12""  or  more  thick,  not 
thinning  much  at  the  edges,  which  are  rounded.  The  surface  of 
both  sides  is  smooth  and  very  finely  reticulated,  the  meshes  ,1  to 
.2""  in  diameter. 

The  oscules  are  mostly  on  the  inside  of  the  cup,  numerous  but 
inconspicuous  and  yevj  small,  mostly  .2  to  .3""  in  diameter. 

In  one  large  specimen  from  Bermuda  there  were  two  stout  fistular 
side-lobes  at  the  base,  with  a  terminal  oscule  about  6-8""  wide. 

The  skeletal  fibers  are  densely  spiculose,  stout,  and  reticulated, 
much  as  in  Pachychalina^  the  radial  ones  ]>lumose,  but  the  sponge  is 
harder  and  firmer  when  dry,  though  soft  when  wet. 
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The  spicules  are  polyserial,  very  slender  oxeote  forms,  variable  in 
size;  «ome  are  nearly  styliform,  being  blunt  at  one  end  and  acute  at 
the  other.  Much  fine  calcareous  sand  is  imbedded  in  the  outer 
layers. 

Bermuda,  on  a  reef  in  Bailey  Bay,  one  large  specimen  in  Amer. 
Mus.  Nat.  Hist.,  coll.  Whitfield;  Bahamas,  Whitfield. 

Family,  Desmacellidce.     (P.  333.) 
Besmacella  jania,  sp.  nov.    Plate  xzxvc,  figs.  5,  6. 
/  Terpios  jania  Dnch.  and  Mich.,  Spong.,  p.  101,  pi.  xxii,  fig.  8. 

Our  examples  of 'this  curious  species  are  massive  land  irregularly 
lobulate,  2  to  3  inches  high;  the  lobes  are  more  or  less  conical,  with 
a  terminal  osculum,  3  to  5*"™  in  diameter.  The  whole  surface  and 
often  most  of  the  thickness  of  the  walls  are  composed  largely  of  a 
small  slender-branched  coralline  {Jania),  white  when  dry.  Toward 
the  base  of  the  sponge  this  often  nearly  disappears,  as  if  absorbed. 
The  spicules  are  mostly  long,  slender  tylostyles,  .22  to  .26""  long, 
mostly  with  small  round  heads,  and  mixed  with  styles  of  about  the 
same  length.  The  microscleres  are  minute,  strongly  curved,  c-shaped 
sigmas,  about  .037  to  .040""  long. 

Other  sponges,  associated  with  Jania  in  the  same  way,  have  been 
described  as  the  JReniera  fibulata  of  Carter  (1882).  The  Terpios 
jania  D.  and  M.  may  not  be  this  species,  though  it  had  the  same 
form,  for  its  spicules  were  not  described.  When  treated  with  acids 
the  form  of  the  sponge  is  still  preserved,  with  the  translucent 
organic  basis  of  the  Jania  imbedded  in  its  structure,  even  close  to 
tlie  edges  of  the  oscules. 

Family,  JSsperellidcB.     (P.  333.) 
Esperiopsis  firagilis  Y.,  sp.  nov.    Plate  xxxvc,  figs.  1-3. 

A  very  porous,  fragile  sponge,  forming  crusts  or  irregular  masses 
15-20""  or  more  thick,  soft  while  living,  friable  when  dry.  Surface, 
as  dried,  irregularly  pitted  or  vermiculate;  subdermal  channels  irreg- 
ular, deep,  often  labyrinthiform,  .5  to  .7""  wide,  separated  by  walls 
made  up  of  fine  irregular  meshes,  hispid  at  the  surface. 

Dermal  layer  thin,  mostly  destroyed,  easily  detached ;  pores  micro- 
scopic, numerous;  oscules  scattered,  small.  Skeletal  fibers  delicate, 
composed  mostly  of  numerous,  closely  packed,  slender  spicules. 
These  are  mostly  slender  tylostyles  and  styles,  about  .27  to  .32"" 
long,  with  smaller  tylotes  .16  to  .21  long,  with  well-rounded  ends. 
Microscleres  numerous,  very  small  sigmas  (fig.  2,  dy  d'),  and  isochel» 
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(<?,  c') ;  the  latter  with  the  flukes  minutely  three-toothed.  A  few 
very  long  acute  oxeotes,  much  larger  than  the  other  spicules  (fig.  3, 
ft,  ft),  were  scattered  through  the  sponge;  perhaps  they  were  extra- 
neous. Numerous  minute  circular  disks  (fig.  2,  z)  were  present,  but 
disappeared  when  treated  with  acids ;  they  are  probably  symbiotic 
algse. 

Family,  Tedanidce,     (P.  333.) 

Sub-family,  TedanincB  Ridley  and  Dendy  ;  Topsent,  etc. 

Tedania  ignis  (D.  and  M.)    Scarlet  Sponge,    Fig.  180.     Plate  zxzvc,  fig.  4, 
spicnlee. 

Hialisias  ignis  Duch.  and  Mich.,  op.  cit.,  p.  83,  pi.  xviii,  fig.  1,  1865.* 
f  Arcesias  hostilis  D.  and  Bf.,  op.  olt.,  p.  97  (encrasting  form). 
f  Tedania  diffitataf  var.  bermtidensis  Ridley  and  Dendy,  Voy.  Chall.,  xx,  p.  51. 
Amphimidon  variabilis  Maynard,  Sponges,  p.  31,  fig.  10,  pi.  iv  (colored),  nan 
Dnch.  and  Mich. 

This  is  one  of  the  most  abundant  Bermuda  sponges  and  is  very 
conspicuous  in  shallow  water  on  account  of  its  brilliant  colors, 
which  vary  from  bright  scarlet  to  blood-red.  In  life  it  is  very  soft 
and  brittle.  When  young  it  forms  broad  thin  incrustations  on  rocks, 
dead  corals,  shells,  and  other  sponges.  Later  it  grows  up  into  large 
irregular  lobulate  or  convex  massive  forms,  often  with  large  conical 
or  fistular  elevations,  each  bearing  a  large  terminal  osculum.  Some- 
times it  is  branched,  or  encrusts  the  branches  of  dead  gorgonians, 
etc.  It  oft^n  penetrates  into  the  cavities  of  dead  corals  and  forms 
a  red  film  over  the  surface,  but  there  is  no  proof  that  it  forms  exca- 
vations for  itself.  When  dry  the  surface  is  usually  covered  with 
rather  deep,  irregular,  angular  pits  or  areolations,  2-3'"'°  in  diameter, 
with  a  small  central  pore,  the  ridges  between  being  thin  and  sharp  ; 
in  some  cases  a  thin  dermal  film  remains  over  the  areolsB.  The 
interior  is  made  up  of  small  irregular  angular  and  rounded  reticula- 
tions of  slender  spiculose  fibers,  with  irregular  channels  and  lacunse, 
some  often  of  large  size.  The  spicules  are  of  several  forms  :  1.  the 
spicules  in  the  fibers  are  mostly  long,  slender  styles  and  subtylostyles; 
2.  oxeotes,  acute  at  both  ends ;  3.  smaller,  slender,  often  bent,  tylote 
spicules,  with  both  ends  slightly  enlarged,  which  ai*e  abundant  in  the 
external  layer,  mixed  with  oxeotes ;  4.  very  slender,  long,  acute, 
capillary  forms  (rhaphides)  abundant,  both  singly  and  in  fascicles. 
The  larger  spicules  are  .23  to  .30'°'°  long. 

*  This  sponge  has  the  several  forms  of  spicules  characteristic  of  Tedania 
(1867).  But  though  Thalisias  D.  and  M.  antedated  the  latter,  it  was  a  heteroge- 
nous group,  not  intelligibly  defined,  and  if  adopted  at  all  some  other  species  may 
be  taken  as  its  tyx>e. 
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Owing  to  its  softness  it  v»  not  easy  to  dry  the  larger  specimens  in 
good  condition  without  previously  hardening  in  alcohol;  even  then 
the  apecimens  often  collapse.  When  dry  the  color  is  usually  pale 
green  or  yellowish  white.  It  may  form  masses  6  to  8  inches  thick 
and  12  to  30  broad. 

It  is  reputed  to  be  poisonous  if  handled.  It  certainly  irritates  the 
skin  of  many  persons  and  causes  eruptions  and  intense  itching. 
This  is  probably  due  to  the  very  fine  and  sharp  spicules  entering  the 
skin,  as  in  the  case  of  other  similar  sponges.  Also  common  in 
Florida  and  the  West  Indies.  It  is  cloaely  related  to  Mediterranean 
and  Pacific  Ocean  forms  of  the  genus  (T.  digiUUa,  etc.). 


Figure  179. — Tnbe-sponga,  Spiaosella  aororia,  vat.,  i  nat.  size. 
Figure  180. — Scarlet  Sponge,  Ttdania  igniii,  from  a  dry  apecimen  of  the  tOMaive 
form.     ^  uat.  eiiw.    Both  phot,  by  A.  H.  V. 

Family,  AxinelUdcB.    (P.  333.) 
Axinella  fippreaaa,  ep.  nov.     Plate  kixtd,  flga.  10,  11. 

Sponge  divided  into  numerous,  upright,  slender,  angular  branches, 
6  to  8"""  thick,  covered  with  small,  irregular,  conical  and  compressed 
elevations,  mostly  directed  upward,  and  slightly  hispid;  subdermal 
areolae  tubular,  roundish,  very  uneijual.  The  larger,  l"""  wide, 
rather  close  together.  Dermal  layer  seldom  preserved,  thin,  with 
small  pores  often  arranged  in  small  circular  groups  over  the  areolte. 
Fibers  rather  strong,  closely  filled  with  rather  long,  mostly  curved 
stylote  spicules,  the  longer  ones  .32  to  .40""';  the  shorter  ones  .20  to 
25"""  long.     The  primary  fibers  are  not  very  distinct  from  the  others, 
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but  form  evident  loose  axial  lines,  ascending  and  divergent,  plumosely 
branched  in  the  branchlets  and  conules. 

Color  red  in  life,  buff  when  dry.  Found  also  in  the  Bahamas  and 
Florida. 

Azinella  rudis,  sp.  nov.    Plate  xzxvd,  fig.  18. 

.  Sponge  upright,  with  tall,  rather  stout  irregular  branches,  15-20"" 
in  diameter.  Sides  of  branches  covered  with  irregular,  very  unequal, 
rough  tubercles  and  lobules,  mostly  blunt  and  ascending,  2-5""  high; 
1-4 'nm  broad;  on  the  lower  parts  of  branches  and  stem  they  become 
much  smaller  and  more  verruciform.  Surface  rough  or  subhispid, 
everywhere  irregularly  reticulated  with  rather  coarse  stiff  fibers, 
Oscules  abundant  in  the  depressions,  .5  to  1""  in  diameter,  sur- 
rounded by  more  numerous  smaller  pores.  Color,  in  life,  bright  red; 
when  dried  it  often  retains  a  rose-red  color,  gradually  changing  to 
reddish  or  orange-brown. 

The  fibers  have  a  good  amount  of  light  yellow  spongin.  The 
spicules  in  the  fibers  are  mostly  rather  large  and  stout,  often  curved, 
acute  stylotes;  with  these  are  some  slender,  and  a  few  almost  capil- 
lary  styles,  or  rhaphides,  nearly  as  long  as  the  others ;  very  few 
regular,  slender,  tricurved  toxa  were  also  noticed  in  the  thin  dermal 
layer. 

It  occurs  also  on  the  Florida  reeA.*  It  belongs  to  the  group 
named  Pandaros  by  Duch.  and  Mich.  It  is  related  to  A,  Walpersii 
D.  &  M.,  but  that  has  flat  or  flabellate  branches;  also  to  A.  angidosa 
and  A,  pennata  of  D.  and  M.  (as  Pandaros), 

Family,  Poly  mast  idee,     (P.  334.) 
Polymastia  varia,  sp.  nov.    Plate  xxxvd,  figs.  1,  la. 

.  Sponge  compact,  thick,  encrusting  and  also  massive,  sometimes 
with  a  nearly  even  surface,  often  tuberculate,  or  when  large  rising 
into  long  finger-like  elevations  1  to  1.5  inches  high  and  .3  to  .5  inch 
in  diameter,  often  concave  at  top  but  not  fistular.  Some  of  the 
masses  are  3  to  5  inches  thick  and  broad.  Surface,  when  dry,  hard 
and  compact,  often  appearing  granulated  or  subareolate,  and 
minutely  hispid  with  the  projecting  points  of  small  tylostylote  spic- 

*  Axinella  rosacea,  sp.  nov.  Plate  3od,  fig.  12.  A  similar  species  occurs  at 
Florida  and  Bahamas.  It  has  stnnter  branches  densely  covered  with  groups  of 
short  capitate  and  tuberculate  branchlets,  often  forming  rosette-like  forms. 
Color  light  red  or  pink  when  dried.  Stylote  spicules  much'  stouter  than  in  A, 
angulala^  the  larger  ones  .28  to  .34*°°*  long;  with  these  are  much  more  slender 
oxeates  .87  to  .40"™  long. 
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ules,  perpendicular  to  the  surface.  Internal  texture  rather  compact, 
with  irregular  canals ;  thick  supporting  lines  of  densely  crowded 
spicules  run  in  various  directions  in  the  interior.  Color,  in  life, 
orange-red;  dull  orange-brown  when  dry. 

Spicules  are  tylostyles  of  various  sizes,  mostly  .36  to  .48"*°*  long 
and  .008  to  .014  in  diameter,  rarely  styles  by  reduction  of  the  heads; 
the  heads  are  mostly  regularly  oval,  sometimes  slightly  three-lobed. 

After  a  long  search  only  a  single  microsclere  was  found;  it  was  a 
minute  spinispirula  of  about  1^  turns. 

Common  on  the  reefs;  perhaps  a  boring  sponge  when  young. 

Family,  ClionidcB.     (P.  334.) 

Heterocliona,  gen.  nov.     Type,  Papillina  eribraria  Sch. 

Sponge  massive  or  goblet-shaped  when  large,  perhaps  boring  when 
young ;  interior  very' cavernous  when  dry,  supported  by  irregular 
columns  of  crowded  tylostyles.  Cortex  thick,  tough,  smooth,  and 
lubricous  in  life;  filled  with  tylostyles  tangentially  arranged.  Micro- 
scleres  few,  spirulas  or  spirasters.  Oscnles  usually  grouped  in  large 
clusters. 

Heterocliona  eribraria  (Sohm.).    Plate  xxxvd,  figs.  2,  8. 
1  Papillina  eribraria  Schm.,  Spo'i^g.  Atl.  Qieb. 

This  massive,  cavernous  sponge  often  grows  to  great  size,  sometimes 
becoming  2  feet  or  more  in  diameter,  and  over  a  foot  high.  The 
upper  surface,  when  large,  usually  has  a  large  central  cup  or  one 
or  more  cones,  each  with  a  large  terminal  oscule,  15  to  25"°  in 
diameter;  other  smaller  oscules  occur  close  together,  in  clusters,  over 
the  top  and  border  of  the  sponge.  When  young  (1-2  inches  across) 
the  form  may  be  cylindrical,  capitate,  or  mushroom-like,  with  few, 
3-10,  oscules,  .6-10""  in  diameter,  above.  The  surface  is  smooth, 
in  life,  with  a  tough  blackish  cortex. 

The  interior,  when  dried,  is  very  cavernous,  with  large  irregular 
cavities  partly  intercepted  by  irregular,  often  curved,  broad  bands 
and  columns  of  densely  packed  bundles  of  spicules.  In  drying  much 
of  the  soft  sarcode  often  decays  and  runs  out  of  these  cavities. 

The  spicules  are  mostly  long,  slender,  curved  tylostyles,  with  a 
slightly  enlarged  mostly  ovate  head  ;  they  are  about  .23  to  .34°*" 
long;  others  of  the  same  size  are  sublylostyles  and  styles.  In  the 
dermal  layer  they  mostly  lie  tangentially  and  in  radiate  groups,  with- 
out much  order. 
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Microscleres  are  mostly  wanting;  after  a  long  search  only  two  or 
three  were  found  ;  they  were  minate,  slender,  spined  spirasters  or 
spinispiralaBy  with  about  1^  turns,  and  very  minute,  nearly  straight 
rhabdi. 

Irregular  and  ovoid  dark  brown  pigment  bodies  are  abundant. 

Color  in  life,  dark  smoky  brown  or  black,  common;  the  largest 
seen  were  in  Harrington  Sound;  also  occurs  on  Florida  reefs  (Yale 
Mus.). 

Cliona  caribbaea  Carter.    Boring  Sponge,    Fig.  181.    Plate  zzxvd,  fig.  4. 

Cliona  caribbcea  Carter,  Ann.  and  Mag.  Nat.  Hist.,  ser.  5,  vol.  ix,  p.  346,  pi. 

xii,  fig.  26,  1882. 
Cliona  viridis  (pars.)  Topsent,  Archives  Zool.  Ezper.  et  General,  vol.  viii,  p. 

84,  pi.  iii,  fig.  dd,  1900. 

While  young  this  common  species  excavates  extensive  and  irregu- 
lar cavities  in  shells  and  corals,  especially  in  Porites.  Later  in  life 
it  may  grow  up  into  thick,  massive,  dull  yellow,  convex  forms,  6 
inches  to  a  foot  or  more  in  diameter,  with  large  oscules  and  a  coarsely 
verrucose  surface.*  Interior  coarsely  cavemous,f  as  dried,  and  sup- 
ported by  irregular  bands  and  columns  of  compacted  tylostylote 
spicules.  The  soft  sarcode  quickly  decays  and  runs  out,  in  dryings 
with  a  very  offensive  odor  Cortical  layer  compact.  It  usually 
includes  numerous  fragments  of  shells  and  corals. 


h 

Fignre  181.  Cliona  caribbcea;  a,  one  of  the  tylostyles  from  the  boring 
sponge,  X  165 ;  &,  a  microsolere  (spinispimla)  mach  more  enlarged  (after 
Carter). 

The  spicules  of  this  massive  form  (see  pi.  S5d,  fig.  4)  are  mostly 
essentially  like  the  one  figured  by  Carter  (fig.  181).  They  are  variable 
in  size  and  form,  mostly  .28  to  .40*°"*  long  ;  many  are  rather  stout 
with  a  fusiform  shaft ;  most  are  more  slender  with  the  shaft  less 
fusiform  ;  few  are  styles.  The  head  is  generally  ovate,  not  very 
large.     No  microscleres  were  found  after  long  searching. 


*  In  this  form  it  corresponds  to  the  genns  Oscarella,  Topsent  (1900)  refened 
this  species  and  many  other  forms  to  Cliona  viridis  of  £Drope,  in  which  he 
included,  as  massive  states,  Osculina^  and  Papillina=PapiUeUa  Vos. 

f  The  massive  form  here  described  may  not  be  the  ad  alt  of  the  Carter's  spe- 
cies ;  therefore  I  propose  for  it  the  provisioif^l  name  Cliona  sordida.    See  plate. 
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Spirastrella  inolliB,  sp.  nov.     Plate  xzjetd,  fig.  5. 

An  encrusting  species  forming  soft  films  .5  to  3™°*  or  more  thick 
on  dead,  cavernous  corals,  and  also  penetrating  into  the  cavernous 
spaces, — perhaps  a  boring  sponge  when  young.  Surface  smooth  ; 
no  oscules  nor  pores  visible  to  the  naked  eye  in  alcoholic  specimens  ; 
interior  vtrithout  visible  canals.  Skeletal  spicules,  long  slender  tylos- 
tyles,  scattered  and  in  groups  (fig.  5,  a),  mostly  with  regular  well- 
rounded  heads,  but  some  have  ovate  or  elongate  heads  ;  in  some  the 
heads  are  much  reduced.  Microscleres  {b^h')  are  relatively  large, 
spined  spirasters,  abundant  in  the  cortical  layer ;  they  mostly  have 
three  or  four  whorls  of  sharp  conical  spinules ;  some  are  strongly 
curved  (b'). 

• 

(To  be  continued.) 


SOURCES  OF  ILX.USTHATIONS  IN  THE  TEXT. 

The  following  cuts  are  from  photographs  and  drawings  by  Mr.  A.  Hyatt 
Verrill :— 1,  20,  30,  34a,  346,  366,  36c,  37,  38,  39,  40,  41,  43,  436,  45,  59,  59a,  6,  c, 
60,  61,  62,  63,  66,  67,  70,  71a,  6,  72,  72a,  6,  73,  75,  77,  79,  80,  81,  82,  aS,  84,  85, 
90,  91,  94,  95,  96,  96a,  97a,  99,  100,  101,  101a,  102,  108-114,  116a-119,  121,  122, 
125-128,  129,  129a,  131-135,  137,  138,  141,  144-162,  164,  176-180. 

The  following  were  by  Mr.  M.  C.  Cooke  :--6,  16,  18 

The  following  are  from  photographs  bought  in  Bermuda: — 8,  9,  10,  14,  15,  17, 
21,  22,  25,  33a,  336. 

The  following  were  loaned  by  the  publishers  of  Webster's  International 
Dictionary  :— 36,  36a,  43a,  142. 

The  sources  of  others  are  given  under  the  cuts. 
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EXPLANATION  OF  PLATES. 

Plate  XVI.  Cliff,  South  Shore,  near  Hungry  Bay.  a,  beach  sand  ;  6,  6,  hard 
asolian  limestone,  of  the  Walsingham  formation,  formerly  quarried  (p.  69) ; 
c,  c,  Devonshire  formation,  marine  limestone,  containing  fossil  marine 
shells,  p.  76 ;  <2,  slightly  consolidated  aBolian  sands  of  the  Paget  formation 

containing   fossil   land   shells;   p,  e,  Paget  formation;   inclined   beds  of 
harder  sBolian  limestone.     See  pp.  72,  79. 
PULTB  XVII.     Northward  continuation  of  the  same  cliffs.  Lettering  as  in  plate 

xvi. 
Platk  XVIII.     Part  of  same  cliffs,  south  of  section  on  pi.  xvi.     Lettering  the 

same. 
Plate  XIX.     Part  of  same  cliff,  showing  "sand-pipes,"  in  section ;  1,  2,  3,  4 

penetrate  to  different  depths.     Lettering  as  in  pi.  xvi.     See  pp.  72,  73. 
Plate  XX.     Same  locality  as  pi.  xix,  seen  from   top  of   bank,  showing  the 

great  number  and  various  forms  of  "sand-pipes."    The  rough  surface  is 

indurated  red-clay,  partly  covering  the  upper  bed  of  Walsingham  limestone. 

See  pp.  72,  172. 
Plate  XXI.     Figure  1.  A  Walsingham  cave  containing  sea  water  and  marine 

fishes.     See  p.  85.     Figure  2.  Beach  and  sand  dunes  near  Natural  Arch. 

Tucker's  Town.     The  dunes  are  partly  covered  by  Sccevola  lobelia;  p.  154. 
Plate  XXII.    Figure  1.  Pinnacled  rocks,  much  eroded  and  encrusted.   Tobacco 

Bay,  near  St.  Qeorge's.    See  p.  64.     Figure  2.  Eroded  and  encrusted  {eolian 

limestone.     South  Shore. 
Plate  XXIII.     Figure  1.  Cathedral  Rocks  or  "  Old  Church  Rocks."    Somerset 

Island.     See  p.  63.     Figure  2.  Serpentine  atolls  or   "boilers"  off  South 

Shore.     See  p.  122. 
Plats  XXIV.     Figure  1.  Sample  of  shell-sand,  about  natural  size.     Dredged 

in  about  4  fathoms.     Figure  2.  Groups  of  small  shells,  etc.  selected  from 

shell  sand  to  show  relative  abundance.    Dredged  in  4-6  fathoms.    Figure  1. 

1.  Chama  macrophyllay  young ;    2.  Area  noce,  occidentalisj  young ;  3.   Ver- 

metus  spiratuSj  young ;  4-7.  Various  small  shells ;  6.  Fragments  of  feolian 

limestone.     Figure  2.     1.  Rissoina  bryerea  ;  2.  NoMa  ambigua,  young ;  3. 

Cerithioides;  4.   Vermetus  spiratus,  yovrng;  5.  Marginella  minuta;  6.  Ccdcuni 

termea  and  C.  obesum  ;  7.  Rissoa  platycephala ;  8.  ^sopus  Steamsii ;  9. 

Circe  cenna  ;  10.  Cardita  dominguensis ;  11.  Ervilia  nitens  and  E.  concen- 

trica  ;  12.  Crasaatella  lunulata  ;  13.  Area  imbricata,  A.  rettcu/ato,  and  A. 

Adamsi;  all  very  young;    14.  Foraminifera,   Orbiculinay   Orbitolitts,  etc. 

15,  16.  Corallines,  fragments;    17.  Corals,   Oculiiia,  etc.  and  echinoderm 

plates ;  18.  Millepora  afctcornts,  fragment ;  19.  Bryozoa,  Biflustra. 
Plate  XXV.    Mass  of  stalagmite  conglomerate  filled  with  Pcecilozonitea  Nrlsoniy 

var.  eonoideSf  about  nat.  size.     See  p.  159. 
Plate  XXVI.     Fossil  land  snails;  1,  2.  Pctcilozonites  bermudensis,  var.  zona- 

tu8y  nat.  size ;  3.  P.  /2einianti9,  var.  antiquuSy    x  2^  ;  4.  P.   Nelsoniy  var. 

conoides  ;  5,  6.  var.  calloaus  ;  7,  8.  var.  Nelsoni ;  nat.  size.     See  pp.  161-165. 
Plate  XXVII.     Figure  1.  Pcecilozonites  bemiudenaiSf  existing  form  ;    series  to 

show  variations  in  form  and  color.     Figure  2.  The  same,  fossil  form  (var. 

zonatua)  arranged  to  show  variations.    All  natural  size.    See  pp.  164,  192. 
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Plate  XXVIII.     Figure  1.    Oculina  varicosa ;   redaced ;   p.  237.      Figure  3. 

Oculina  diffusa^  part  of  a  large  mass ;  reduced  ;  p.  285. 
Platk  XXIX.     Figure  1.   Porites  astreoidea,  p.  240.     Figure  2.    Siderastraea 

radiansy  p.  242.     Both  nat.  size. 
Plate  XXX.     Figure  1.    Group  of  living  zoanthids,  corals,  etc. ;  reduced  to 

f ;    a,  Palythoa  mammillosa  ;   6,  P.  grandijlora  ;  c,   Zoanthus  proteus ;  d, 

Actinia  bermudenais ;  c,  Condylactis  giganteay  young ;  i,  Musaa  fragilis, 

about  I  nat.  size.     Figure  2.  Large  dark  brown  zoanthid  {Protopalythoa 

grandis)  from  life,  partially  expanded ;  all  about  f  natural  size.    See  p.  281. 
Plate  XXXa.     Figure  1.   Orbicella  cavernosa,    reduced  to   about    i;    p.  324. 

Figure  2.  Millepora  alcicomis,  reduced  about  |,  p.  817. 
Plate  XXXI.     Figure  1.    '^Bose  Coral,"    Mitssa  fragilisy  nearly  contracted, 

photo  from  life ;  p.  220.     Figure  2.  Actinian,  Aiptasia  annuUztay  from  life  ; 

p.  249.     Both  natural  size. 
Plate  XXXII.     Figure  1.  Epicystis  cruciferay  seen  from  above  ;  photo  from 

life  ;  p.  272.     Figure  2.  Epicystis  formosay  side  view ;  photo  from  life ;  p. 

274.     Both  nat.  size. 
Plate  XXXII.     Figure  1.  Epicystis  cruciferay  side  view;  &,  a  tentacle  enlarged; 

drawn  from  life,  about  f  nat.  size ;  p.  272.     Figure  2.  Lebrunia  Danas ; 

photo  from  life,  nat.  size  ;  p.  269. 
Plate  XXXIII.    Pseudoplexaura  crassa,  with  polyps  nearly  expanded ;  photo 

from  a  recently  killed  specimen ;  about  nat.  size ;  p.  806. 
Plate  XXXIIIa.     Eiuniceopsis  grandiSy  with  polyps  partially  contracted;  photc 

from  life,  nat.  size ;  p.  310. 
Plate  XXXIIIb.     Figure  1.     a,  Euniceopsis  grandis;  6,  Plexaurella  dichotoma; 

dry,  about  f  nat.  size,  p.  810,  813.     Figure  2.   a,  Muricea  mwicatay  with 

expanded  polyps ;  6,  c,  Plexauropsis  bicolor  V. ;  nearly  nat.  size,  photo  from 

life  ;  pp.  301,  310. 
Plate  XXXIIIc.     Figure  1.  Oorgonia  acerosa;  a,  6.  purple  var.;  c.  brown  var. 

2, 3.  O.  flabelluniy  J  nat.  size  ;  4.  a^c.  Plexaura  flexuosa;  d,  Muricea  murt- 

cata  ;  ^  nat.  size ;  pp.  801,  802. 
Plate  XXXIV.     Figure  1.  Diadema  setosuniy  |,  p.  824.     Fig.  2.  Asterias  tenuis- 

pinay  with  expanded  sucker-feet,  p.  824.     Both  about  |  nat.  size. 
Plate  XXXI Va.     Figure  1.  Cidaris  tHbuloides,  p.  822.     Fig.  2.  Echinomeira 

subangulaHSy  p.  324.     Both  nat.  size. 
Plate  XXXIVb.     Figure   1.     HipponoS  esculentOy    with    spines    removed,  f 

nat.  size.     Figure  2.  Cidaris  tribuloideSy  with  spines  removed,  about  nat. 

size ;  a,  anal  pore ;  o,  one  of  ocular  plates ;  c,  one  of  the  genital  plates, 

abnormal,  with  two  pores;  m,  madreporite;  aniy  ambulacra;  t'n,  interambu- 

lacra,  x  1^,  p.  822. 
Plate  XXXI Vc.     Figure  1.  Linckia  Ouildingiiy  young;  a,  dorsal;  b,  ventral, 

X  2.     Figure  2.  Astsrias  tenuispinay  dorsal  view  of  a  7-rayed  example,  nat. 

size.     Figure  8.  Asterina  foliuniy  dorsal  view,  x  about  2^.     Figure  4.  The 

same,  ventral  view,  x  about  2|,  p.  325. 
Plate  XXXIVd.     Figure  1.  Ophiothrix  angulata,  nat.  size  ;  p.  327.      Fig.  2. 

(1,  2)  Ophiocoma  echinata;  (3)  O.  Riisei;  ^  nat.  size  ;  p.  328. 
Plate  XXXIVe.    Figure  1.  Ophiocoma  pumila  ;  ay  5-rayed  examples ;  6,  6-rayed 

examples.     Figure  2.  a,  Ophionereis  reticulatay  dorsal,  p.  146  ;   ft,  Ophiura 

brevispina.    About  \  nat.  size. 
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Plate  XXXV.  Fignre  1.  a,  Eyipolymnia  moigniflea^  p.  147;  by  Hesione  praetexta. 
Fig.  2.  Hermodice  carunculata.     Photos  from  life,  nat.  size. 

Plate  XXXVa.  Figure  1,  2.  Spicnles  of  PUxauropsis  hicolor  V.,  type;  a,  o, 
white  foliated  clubs  of  surface  ;  a',  a'f  irregularly  white  and  purple  stellate 
forms ;  &,  h,  purple  spheroidal  or  biscuit-sha}>ed  forms ;  c,  c,  small  purple 
spindles  of  the  ccBnenchyma ;  d,  d^  light  purple  spicules  ;  e,  e,  small  and 
medium  white  spindles  of  the  ooBnenchyma  ;  e\  larger  irregular  white  spi- 
cule; /,  /,  small  purple  spindles  of  inner  layer  ;  x  44.  Figure  8.  Plexaura 
homomalla ;  Florida  specimen  ;  a,  a,  foliated  clubs  from  surface ;  a\  a\ 
irregular  stellate  forms  from  surface  ;  6,  6,  small  crosses  from  surface ;  h' , 
double  spindle ;  c,  c,  smaller  spindles  from  CGBnench3rma ;  c',  one  of  the 
larger  spindles  ;  d',  d',  tentacle-spicules;  x  44.  Figure  4.  Plexaura  flaviday 
olive-yellow  variety  from  Dominica;  a,  a,  larger  spindles  mostly  light 
yellow,  some  purple ;  b,  6,  smaller  spindles  of  same  colors;  x  02. 

Plate  XXXVb.  Figure  1.  Sea-cat,  Tethys  dactylomelOf  photo  from  life,  ^  nat. 
size.  Fig.  2.  Common  bivalves;  1,  la,  Spondylus  americanun ;  2,  2a,  Pearl 
Oyster,  Pteria  (or  Margaritophora)  radiata ;  8.  Scallop,  Pecten  ziczac  ;  4, 
4a,  '*Rock  Cockle,  Chama  macrophylla;  5.  True  mussel,  Modiola  tulipa  ; 
6,  6a.  *' Mussel,'*  Area  noce,  occidentalis ;  7.  A.  secticoatata.  All  reduced 
to  |. 

Plate  XXX Vc.  Figure  1.  Esperioptis  fragilis,  sp.  nov.;  spiculose  fibers,  x84. 
Fig.  2.  The  same ;  spicules ;  a,  a,  tylostyles ;  6,  6,  styles ;  e,  triohites ;  /. 
tylotes ;  z,  unicellular  alga  (?),  x  182  ;  c,  c,  isocheln ;  d,  sigmas,  more  en- 
larged ;  c',  d\  the  same  still  more  enlarged.  Fig.  8.  The  same ;  a,  a,  tylos- 
tyles, X  225 ;  6,  6,  large  oxeotes,  perhaps  extraneous,  x  225.  Camera  draw- 
ings by  A.  H.  V.  Fig.  4.  TVdanta  ignis;  spicules;  a,  a,  tylostyles;  6,  6, 
tylotes ;  c,  c,  slender  oxeotes ;  d,  trichites  ;  /,  minute  oxeotes,  all  x  182  ; 
b\  ends  of  a  tylote,  x  225.  Fig.  5.  Desmaeella  jania,  spiculose  fibers,  x  84. 
Fig.  6.  The  same,  spicules;  a,  a,  tylostyles;  6,  6,  styles;  e,  minute  spicules; 
d,  oxeote,  x  132 ;  e,  sigmas  more  enlarged ;  /,  sigmas  still  more  enlarged. 
Fig.  7.  Pachychalina  micropora^  sp.  nov.;  spicules;  a,  a,  ordinary  oxeotes 
of  fibers;  &,  a  more  slender  oxeote,  x  170.  Fig.  8.  P.  millepora,  ep.  nov.; 
a,  a,  a',  oxeotes;  6,  a  substylote  fonn,  x  182. 

Plate  XXXVd.  Figure  1.  Polymnstia  varta,  sp.  nov.;  a,  6,  tylostyles,  x  120; 
la,  heads  of  same  to  show  variations,  x  206 ;  c,  spiraster,  more  enlarged. 
Fig.  2.  Heterocliana  cribraria,  grouped  spicnles,  natural  order.  Fig.  3.  The 
same,  spicules,  x  120 ;  a,  a,  tylostyles ;  6,  styles ;  d,  spinispira  more  en- 
larged. Fig.  4.  Cliona  aordida^  massive  form ;  a,  a,  tylostyles,  x  120 ;  a', 
one  more  enlarged.  Fig.  5.  Spiraatrella  moUia ;  a,  tylostyles;  6,  6',  spiras- 
ters.  Fig.  6.  Pachychalina  monticuloaay  sp.  nov. ;  spiculose  fibers,  x  76. 
Fig.  7.  The  same,  spicules,  x  150.  Fig.  8.  P.  celluloaa,  sp.  nov.,  spiculose 
skeletal  fibers,  x  76.  Fig.  9.  The  same  ;  spicules ;  a^a'^  oxeotes  ;  6,  6,  styli- 
form  spicules;  x  150.  Fig.  10.  Axinella  appreaaa,  sp.  nov.,  spiculose  skele- 
tal fibers,  X  76.  Fig.  11.  The  same,  spicules,  x  120 ;  a,  longer  styles ;  6, 
shorter  do.  Fig.  12.  Axinella  rosacea,  sp.  nov.,  spicules;  a,  a',  styles;  6, 
oxeotes,  x  120.  Fig.  18.  Axinella  rudia,  sp.  nov.,  x  about  120  ;  a,  styles ;  6, 
capillary  oxeote  or  trichite  ;  c,  to^a,  much  more  enlarged. 
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Plate  XXXVI.  Figure  1.  Group  of  fishes,  etc.,  uuder  cavernous  reef  (ideal). 
Fishes  about  ^  nat.  size:  1,  Pilot  fish  (Seriola  zonata);  2,  Parrot-fish  (Searus 
vetuta)  ;  3,  Hog  fish  {Lachnolaimus  maximua) ;  4,  Trunk-fish  {Lactophrys 
triqueter) ;  5,  Cow-fish  (L.  tricomis) ;  6,  Angel-fish  {Chcetodon  striatus) ; 
7,  Starfish  {Asterias  lenui8pina)\  8,  9,  10,  Serpent-stars  (Ophiuroids) ;  11, 
Cidaris  tribuloides;  12,  Diadema  setosum  ;  18,  Pink-tipped  Actinia  (C'oiufy- 
lactis  gigantea);  14,  Red  Actinia  {A.  bermudensis);  15,  Brain  Coral;  16,  Star 
Coral  {Siderastrcea) ;  17,  Rose  Coral  (Mussa  fragilis) ;  18,  Sea-plume  {Gor- 
gonia  acerosa) :  19,  Sea-fan  {O.  flahellum) ;  20,  Sea-ginger  (Millepora  aid- 
comis);  21,  24,  Tube-sponge  {Spinoaella  sororia);  22,  Scarlet  sponge  {Tedania 
ignis);  23,  Spongia  turrita ;  25,  Cup-coral  {Agaricin  fragilis).  Fig.  2.  1 
Green  Moray  {Lycodontis  funebris);  2,  2,  Spotted  Moray  (L.  moringa), 
with  a  group  of  gorgonians,  etc.;  3,  Ivory  Coral  {Oculina  varicosa);  4,  Brain 
Coral;  5,  Gorgonian  {Euniceopsis  grandis) ;  6,  6,  Plexaura  flexuosa ;  7,  7, 
Muricea  mui^cata;  8,  Euniceopsis  uira;  9,  Porites  clavaria;  10,  10,  Spongia 
turrita;  12,  Tube-sponge  (Spinosella  sororia);  14,  Reef-rock;  18,  Pink 
Conch  (Strombus  gigas) ;  19,  Cowrie  {Cyprtxa  exanthema).  About  ^  nat. 
size. 

Plate  XXX VIa.  Figure  1.  Spicules  of  Pfexaurella  dichotoma  from  the  type 
of  P.  anceps  (Duch.  and  Mich.);  a,  a,  larger  crosses;  a\  «',  irregular  or  one- 
sided crosses  ;  &,  double  spindle  ;  c,  c,  smaller  spindles  ;  c2,  double  whorled 
spicule,  X  85.  Fig.  2.  P.  dichotoma,  spicules  from  the  original  type  of 
Esper ;  a,  a.  Larger  crosses ;  a',  o',  irregularly  branched  crosses ;  o',  a\ 
double  spindles  or  imperfect  crosses ;  6,  &,  spindles  and  double  spindles, 
X  85.  Fig.  3,  PseudoplexQura  crassa,  from  Bermuda ;  a,  a,  small,  irregu- 
lar, purple  spicules  from  the  surface ;  b,  b,  large  spindles  from  the  middle 
of  CGBuenchyma ;  b\  b\  smaller  spindles;  c,  c,  small  white  spindles ;  c',  c', 
small  purple  spindles,  x  40.  Fig.  4.  Plexaura  Esperi,  sp.  nov.  Type  ;  a,  a, 
purple  double  whorled  spicules ;  a',  cluster  of  the  same  forms  in  place,  lesa 
enlarged ;  b,  6,  four-whorled  purple  double  spindles ;  c,  c,  two-whorled 
purple  double  spindles ;  d,  d,  large  purple  spindles ;  d',  smaller  purple 
spindle,  x  85. 

Plate  XXXVIb.  Figure  1.  Euniceopsis  Toumeforti;  a,  a,  large  spindles;  6,  6, 
smaller  spindles ;  c,  double  spindle ;  d,  tentacle-spicule,  x  40.  Fig.  2. 
The  same ;  e,  e,  small  rough  spindles  ;  e',  branched  variety  ;  /,  /,  irregular 
rosettes  of  surface  ;  g,  g,  foliated  clubs  of  surface  layer ;  7»,  A,  slender 
spindles  mostly  from  tentacles,  x  85.  Fig.  3.  Euniceopsis  grandis  V.,  type  ; 
a,  a,  larger  spindles ;  &,  b,  medium  spindles :  c,  c,  small  spindles ;  d,  d, 
tentacle-spindles,  x  20.  Fig.  4.  Plexaura  flexuosa ;  a,  a,  larger  spindles; 
a',  large  purple  spindle  ;  6,  b,  smaller  purple  and  brown  spindles;  b',  small 
white  spindles ;  c,  c,  brown  biscuit-shaped  or  spheroidal  forms ;  e,  e,  purple 
foliated  clubs  of  surface  ;  e',  e%  the  same,  white ;  /,/,  small  purple  spindles, 
x  40. 

Plate  XXXVII.     Map  II.     The   Bermudas  and   outer  reefs.      Altered  from 
Stevenson  and  Sir  C.  Wyville  Thcfmson. 

Plate  XXXVIII.    Map  III.     The  Bermudas ;  southwestern  section. 

Plate  XXXIX.     Map  IV.     The  Bermudas  ;  middle  section. 

Plate  XL.     Map  V.     The  Bermudas  ;  northeastern  section.     This  and  the  twa 
preceding  plates  were  loaned  by  Prof.  E.  L.  Mark. 


III. — Studies  on  thk   Califorxia  Limbless  Lizard,  Anniella. 

By  W.  R.  Coe  and  B.  W.  Kunkel.' 

With  Plates  xli-xlviii  and  15  figorea  in  the  text. 

The  four  papers  of  this  series  are  intended  to  include  the  results 
of  a  general  study  of  some  of  the  principal  organ  systems  of  a 
rather  common  but  yet  little  known  lizard,  Anniella  pulchroy  found 
on  the  barren  sand  dunes  of  California,  Arizona,  and  southward. 
This  form  presents  a  number  of  anatomical  features  which  deviate 
more  or  less  widely  from  those  usually  thought  to  be  characteristic 
of  the  lizards.  In  some  respects  these  structures  are  quite  different 
from  those  which  have  thus  far  been  described  for  any  other  form. 

The  reproductive  organs  exhibit  a  feature  apparently  quite  unique 
among  lizards  in  that  but  a  single  oviduct  is  functional,  the  other 
being  aborted  and  quite  incapable  of  carrying  an  embryo.  The 
copulatory  organs  likewise  show  a  number  of  interesting  deviations 
from  the  ordinary  lacertilian  type.  An  abstract  of  a  paper  dealing 
with  the  peculiarities  of  the  urogenital  and  copulatory  organs  has 
been  published  in  the  American  Naturalist  (Coe  and  Kunkel,  :  04). 
A  second  paper  on  the  female  urogenital  organs  of  this  form  has 
appeared  in  the  Anatomischer  Anzeiger  (Coe  and  Kunkel,  :  05).  A 
detailed  and  more  fully  illustrated  account  of  these  structures  con- 
stitutes the  third  paper  of  this  series. 

A  general  account  of  the  habits  and  mode  of  life  both  in  the 
natural  habitat  and  when  in  captivity,  together  with  a  brief  discus- 
sion of  the  visceral  anatomy,  is  included  in  the  first  of  the  four 
papers  of  this  series. 

The  external  anatomy  and  skeleton  have  already  been  briefly 
described  in  the  papers  by  Cope  ('92  and  :  00)  and  by  Baur  ('94) 
and  the  systematic  position  of  the  genus  discussed.  Further  details, 
however,  both  in  regard  to  the  arrangement  of  scales  and  the 
osteological  peculiarities,  are  described  in  the  second  paper  of  tb* 

®®"^®-  iduals  which 

The  central  nervous  system  and  particularly  the  )^'.  *  •  i  u 

associated  with  the  pineal  apparatus  have  been  cPj^qj^^^       Thev  were 
and  constitute  the  subject  of  the  last  paper  of  ,^;^,^.^^j  \^^  ^^  ^^^^ 

These  structures  by  no  lOeans  include  all  t^hich  these  insects  were 
ties  of  the  genus,  for  as  y^t  no  studies  hav^ 
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latory  system,  the  musculature,  or  the  peripheral  nerves.  It  is  hoped, 
however,  that  the  present  series  of  studies  may  prove  of  interest 
because  of  their  bearing  on  the  evolution  of  this  retrograde  type  of 
lizard  and  be  of  use  in  determining  its  systematic  position. 

The  genus  Anniella  is  apparently  represented  by  a  single  known 
species  {A.  pidehra)  described  by  Gray  in  1852,  although  Boulenger 
('87)  briefly  described  a  form  said  to  have  been  collected  in  Texas 
(A.  texana)  which  may  possibly  prove  to  be  a  distinct  species.  A. 
nigray  described  by  Fischer  ('85)  as  a  distinct  species,  is,  as  stated 
by  Cope  (:  00,  p.  675),  merely  a  color  variety  of  the  common 
species.  About  two  thirds  of  the  individuals  collected  belong  to 
this  variety,  the  peculiarities  of  which  are  described  below. 

The  systematic  position  of  the  genus  is  to  some  extent  a  matter  of 
discussion.  Gray  ('52)  placed  it  among  the  Scincidae;  Cope  ('64) 
established  for  it  a  new  family,  Anniellidae,  placing  it  in  the  tribe 
Typhlophthalmi  ;  Boulenger  ('85)  and  Gill  ('86)  place  the  family 
AnniellidaB  between  the  Anguidsd  and  the  Helodermatidse  ;  and 
Baur  ('94)  from  a  detailed  study  of  the  skeleton  confirms  Boulen- 
ger's  view  that  the  family  is  closely  related  to  the  Anguidae,  of 
which  the  common  European  limbless  lizard,  AnguiSy  is  the  type. 

As  will  be  seen  from  the  account  of  the  anatomical  peculiarities 
given  on  the  following  pages,  the  evidence  afforded  by  these  investi- 
gations emphasizes  the  close  relationship  of  the  Anniellidse  and  the 
AnguidsB. 

I. — Habits  and  Visceral  Anatomy.     W.  R.  Coe. 

Text-figs.  1-8. 

The  natural  history  of  Amxiella  is  so  imperfectly  known  that  it 

seems  desirable  to  give  here  such  observations  as  we  have  been  able 

to  make  on  the  habits  of  the  animal.     The  brief  observations  in  the 

field  were  supplemented  by  a  study  of  some  thirty  animals  which 

r     were  kept  alive  for  several  months  in  the  laboratory. 

The  adult  lizard  is  long,  slender,  and  snake-like,  averaging  about 

1 70™"'  in  length  when  sexually  mature,  although  there  is  great  varia- 

»^  ^A    '"*  length  as  compared  to  the  diameter  of  the  body  because 

Plate  XXX VIT^  proportion  of  the  individuals  encountered  have  pre- 

Stevenson  and  Sir  CP"  ^^  *^^®  ^^^^*      '^f^^T  an  injury  of  this  sort  the 

Plate  XXXVIII.    Map  Icmains,  at  least  fov  a  long  time,  short,  blunt, 

Plate  XXXIX.    Map  IV.  ise  animals  which  have  not  suffered  such  an 

Plate  XL.     Map  V.     The  Be.j^^j.  ^ails. 

preceding  plates  were  loanes. 
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The  length  of  the  body  of  the  adult  from  snout  to  cloacal  open- 
ing varies  commonly  from  105'^"*  to  152"".  It  is  of  nearly  uniform 
size,  with  an  average  diameter  of  about  6.3"".  The  length  from 
cloacal  opening  to  posterior  end  of  these  same  animals,  however, 
varies  from  16  to  75"".  Therefore  in  extreme  cases  the  length  of 
the  tail  may  vary  from  one  ninth  to  more  than  one  third  the  total 
length  of  the  body. 

At  the  time  of  birth  the  young  lizards  are  usually  from  70  to  80"" 
in  length. 

Anniella  pulchra  is  widely  distributed  in  central  and  southern 
California,  where  it  prefers  dry,  barren  localities  and  deserts.  At 
Pacific  Grove,  California,  it  is  common  on  the  sand  dunes  of  the  sea- 
shore. Here  it  lives  buried  in  the  sand  beneath  small  clusters  of  low 
bushes  and  under  driftwood  scattered  about  over  the  more  sunny 
sand  patches.  A  number  of  individuals  are  often  found  collected 
together  beneath  a  small  shrub  or  piece  of  driftwood  on  the  sunny 
side  of  a  sand  dune,  particularly  where  not  exposed  to  the  winds 
from  the  sea.  Professor  Heath  of  Stanford  University  writes  that 
he  has  found  them  plentiful  in  just  such  situations.  Van  Denburgh 
('97),  on  the  other  hand,  states  that  they  occur  in  the  sand  of  pine 
forests  in  the  same  locality,  and  that  they  travel  rapidly  in  the  loose 
soil. 

They  naturally  lie  buried  in  the  sand  with  only  the  anterior  por- 
tion of  the  head  exposed,  so  that  it  is  usually  quite  impossible  to  see 
them  unless  they  are  more  fully  exposed  by  a  rake  or  a  hoe.  Early 
in  the  morning  and  on  a  cloudy  day  they  appear  to  lie  more  deeply 
buried  in  the  sand;  when  exposed  to  view  they  very  quickly  bury 
themselves  in  the  loose  soil,  especially  if  the  weather  is  not  too 
chilly.  They  are  naturally  much  more  active  on  a  warm  day,  but 
even  then  they  are  not  so  agile  as  the  ordinary  running  lizards. 

At  San  Diego  the  species  is  said  to  be  very  common,  and  it  is  also 
reported  from  the  central  and  eastern  portions  of  the  state,  Fresno, 
Kern,  and  San  Bernadino  counties  (Cope  :00).  We  have  also 
heard  of  its  being  seen,  but  not  collected,  at  Yuma  and  in  western 
Arizona. 

The  lizards  live  well  in  captivity.  Some  thirty  individuals  which 
were  collected  at  Pacific  Grove,  California,  were  kept  in  our  labora- 
tory at  New  Haven,  Connecticut,  for  several  months.  They  were 
fed  on  the  larvte  of  the  chestnut  beetle  (Balanius)  and  on  small 
larvse  of  Elater  beetles.  The  method  by  which  these  insects  were 
devoured  is  curious  and  interesting. 
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The  lizard  lies  buried  in  the  sand  w^ith  only  the  anterior  portion 
of  the  head  projecting.  In  this  po&ition  it  may  apparently  lie  for 
days  without  moving  unless  it  is  disturbed  or  its  attention  attracted 
by  some  noise  or  the  sight  of  some  moving  object.  When  the  tem- 
perature falls  to  60°  F.  or  below,  the  head  is  drawn  into  the  sand, 
unless  the  sun  is  shining  brightly,  and  in  the  laboratory  nearly  all 
the  lizards  collect  together,  as  if  for  mutual  warmth,  as  far  from  the 
surface  of  the  sand  as  possible. 

As  soon  as  the  room  becomes  warmer,  however,  the  animals  sep- 
arate and  as  a  rule  bring  their  heads  again  to  the  surface  of  the  sand 
so  that  their  nostrils,  eyes,  and  pineal  organ  are  fully  exposed. 
Sometimes  an  inch  or  two  of  the  body  is  exposed,  and  at  other  times 
one  or  several  of  the  lizards  are  seen  crawling  about  on  the  surface 
of  the  sand. 

The  sight  of  a  small  moving  object  quickly  attracts  their  attention, 
although  usually  no  effort  is  made  to  approach  it.  The  lizard  simply 
waits  until  the  insect  larva  or  other  small  object  reaches  its  immedi- 
ate vicinity,  when  it  raises  its  head  an  inch  or  more  above  the  sand 
and  crawls  out  of  its  burrow  until  its  head  is  directly  above  the 
object.  It  then  arches  its  neck  sharply  and  with  its  jaws  widely 
opened  thrusts  its  head  down  quickly  into  the  sand,  thus  holding  its 
prey  firmly  pressed  against  the  surface  of  the  sand. 

The  struggles  of  the  prey  to  escape  force  it  farther  into  the  mouth 
of  the  lizard  and  in  the  course  of  a  minute  or  two  it  is  completely 
engulfed.  It  is  held  for  some  time  in  the  lizard's  mouth  before  being 
swallowed.  More  or  less  sand  is  swallowed  at  the  same  time,  and 
this  accounts  for  its  presence  in  both  the  stomach  and  the  rectum  of 
many  of  the  lizards  examined. 

An  examination  of  the  stomach  contents  of  a  number  of  individ* 
uals  killed  soon  after  collecting  at  Pacific  Grove  revealed  the  pres- 
ence of  remains  of  both  adult  and  larvae  of  small  beetles,  larvie  and 
pupse  of  other  insects,  and  spiders.  Van  Denburgh  ('87)  likewise 
records  the  stomach  contents  as  consisting  of  insect  larvae  up  to  more 
than  an  inch  in  length,  as  well  as  small  ground  beetles  {Helops  and 
PlCitydema). 

In  many  cases  the  lizards,  although  their  eyes  were  fully  exposed, 
apparently  failed  to  detect  the  presence  of  an  insect  capable  of  being 
used  as  food  until  the  insect  actually  touched  the  body.  The  eyes 
are  very  small,  so  that  it  seems  probable  that  the  animal  relies  quite 
as  much  on  the  sense  of  smell  and  other  faculties  as  on  the  eyes  in 
the  detection  of  its  prey.     Furthermore,  the  presence  in  the  stomach 
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of  inactive  pupsB  of  insects  demonstrates  the  ability  of  the  lizard  to 
recognize  its  food  without  relying  upon  the  movements  of  its  prey. 

The  lizards  seem  to  require  a  considerable  amount  of  water,  and 
were  often  seen  with  their  snouts  thrust  into  the  dish  of  water  in 
the  cage  in  which  they  were  kept.  In  drinking,  the  neck  is  arched 
very  much  as  in  the  process  of  capturing  an  insect. 

Visceral  Anatomy, 

The  structure  and  disposition  of  most  of  the  organ  systems  of  the 
body  cavity  agree  closely  with  the  descriptions  published  many  years 
ago  for  Angnis,  The  urogenital  organs,  however,  are  so  peculiarly 
modified  that  they  form  the  subject  of  the  second  paper  of  this 
series.  The  peculiarities  of  the  aborted  left  lung,  the  shape  and 
position  of  the  liver,  the  situation  of  the  gall  bladder,  and  the  gen- 
eral form  of  the  different  portions  of  the  alimentary  canal  are  men- 
tioned by  Cope  (:  00,  p.  670). 

Alimentary  canal, — The  head  of  this  lizard  is  very  small  as  com- 
pared with  the  other  regions  of  the  body,  and  the  mouth  is  in  con- 
sequence much  less  extensive  than  in  most  other  lizards.  In  an 
individual  20«"  in  length,  the  mouth  opening  extends  only  about  6°"" 
behind  the  tip  of  the  snout,  and  the  greatest  width  across  the  pos- 
terior ends  of  the  mouth  opening  is  but  5  or  6™™.  The  nature  of 
the  food  and  the  method  of  its  capture  are  described  on  the  preced- 
ing page. 

The  teeth  are  small,  conical,  slightly  recurved,  and  rather  acutely 
pointed.  They  are  disposed  in  a  single  row  on  each  jaw  as  described 
below,  and  figured  on  pi.  xli,  figs.  5-8.  The  number  on  the 
upper  jaw  is  usually  about  16  or  18  and  on  the  lower  jaw  about 
14.  The  secondary  buds  at  the  bases  of  the  developing  teeth  in 
the  embryo  indicate  that,  as  in  most  other  reptiles,  new  teeth 
develop  to  replace  such  as  are  accidentally  lost.  Small  and  incom- 
pletely developed  teeth  are  often  interspersed  with  the  larger  ones. 
Each  tooth  exhibits  a  very  shallow  oval  groove  along  the  basal  half 
of  its  median  face. 

The  tongue,  as  in  Ajiguis,  is  much  shorter  than  in  most  other 
lizards,  although  it  is  highly  muscular  and  rather  distensible  in  life. 
In  individuals  kept  in  captivity  it  does  not  appear  to  be  extruded 
from  the  mouth  either  when  the  animal  is  capturing  its  prey  or  at 
other  times.  The  organ  is  nearly  twice  as  long  as  broad  and  is 
bilobed  both  in  front  and  behind.  In  a  large  individual  the  length 
of  the  body  of  the  tongue,  not  considering  the  anterior  lobes,  is  8""", 
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the  anterior  end  being  situated  about  S"""  behind  the  tip  of  the 
tower  jaw.    The  body  of  the  tongue  has  its  exposed  surface  covered 
vith  minute  papillte  except  at  the  anterior  end  where  it  pa«8es  into 
^  the  two  highly  muscular  lobes 

or  forks.  The  forks,  on  the  other 
hand,  appear  under  the  lens  to 
be  perfectly  smooth  or  provided 
with  slight  longitudinal  wrinkles. 
The  anterior  forks  are  slender 
and  acutely  pointed  and  may  lie 
side  by  side  or  become  widely 
separated,  according  to  the  mus- 
cular contractions  of  the  parts. 
Their  basal  portions  are  deeply 
pigmented,  the  dark  pigment 
.  commonly  extending  for  a  little 

distanceonthebody  of  the  tongue 
and  sometimes  well  toward  the 
tip  of  the  fork,  very  much  as  in 
Angiiis.  The  posterior  lobes  are 
rounded  and  provided  with  pa- 
pillie  directly  continuous  with 
those  on  the  body  of  the  tongue. 
The  histological  structure  of  the 
glands  of  the  tongue  of  Anguia 
is  described  by  v.  Seiller  ('91, 
p.  181). 

The  body  of  the  tongue  is  at- 
tached to  the  floor  of  the  mouth 
along  its  whole  length,  the  lat- 
eral borders  and  anterior  forks 
alone  being  free. 

The  glottis  is  represented  by 

an  oval   opening  situated  on  a 

short  elevation  in  the  angle  be- 

PigurB  1,      Diagram  o£  digeBtive  and    ^wecn  the  two  posterior  lobes  of 

respiratory  organs,  in  their  nutnml  posi-    the  tojigue. 

odennm  ;  .,  ileum  ;  c,  mdimentarj  oie-  The  mouth  leads  into  the  long, 
cnm ;  r,  recliun ;  (,  trachea  \  I,  iung,  with  narrow  esophagus,  which  passes 
larire  rieht,  and  mdimeutary  left  lobes ;  in         -    .         .■  ,     ■    v. 

A.  fieart ;  li,  liver  ;  g,  gall  blaader ;  p,  the  gradually  into  the  Straight 
lobes  of  pBQcreas  and  spleen,      x  J.  stomach.       A    sharp     bend    and 

narrow  opening  through  a  highly  developed  valve  lie  between  stomach 


Coe  and  KunJeel —  California  Limbless  Lizard, 


355 


and  duodenam,  the  latter  passing  gradually  into  the  more  slender 
ileum,  which  is  slightly  convoluted  and  narrows  gradually  toward  its 
posterior  opening  into  the  large  intestine  (text-fig.  1).  The  total 
length  of  the  small  intestine  when  straightened  out  and  extended  is 
about  twice  as  great  as  in  its  natural  position.  The  large  intestine 
is  sharply  demarcated  from  the  ileum  and  exhibits,  especially  when 
well  distended,  an  indication  of  a  csecum.  A  fluted  circular  valve 
somewhat  similar  to  that  between  the  stomach  and  duodenum 
lies  between  the  rectum  and  cloaca. 

The  whole  alimentary  canal  thus  consists  of  an  almost  perfectly 
straight  tube  (text-fig.  1)  except  for  the  slight  convolution  of  the 
duodenum  and  ileum.  As  in  AnguiSyiAiQ  conditions  here  conform 
to  the  requirements  of  a  slender,  elongated  body,  and  are  markedly 
different  from  those  found  in  most  lizards,  where  the  intestine  is 
greatly  convoluted.  Comparative  lengths  of  different  portions  of 
this  tube  are  as  follows  in  a  lizard  about  22^<°  long  : 

Tip  of  snout  to  opening  of  esophagus. 
Length  of  esophagus,  (about) 

"   stomach,     .... 

"   duodenum  and  ileum, 

"   rectum,        .... 

"   cloaca,         .... 


(( 


(( 


« 


« 


omm 

20*"" 
40™°* 

gmm 


and  is  provided 


Tail  behind  cloacal  opening, 

The  esophagus  is  remarkably  long  and  slender 
with  highly  distensible  muscular  walls.     It  passes  into  the  stomach 

without  any  sharp  line  of  demarcation 
(text-fig.  1).  The  stomach  is  usually 
straight  and  is  directly  continuous  with 
the  esophagus  as  in  snakes.  When  much 
food  is  taken,  a  portion  of  it  remains  in 
the  posterior  part  of  the  esophagus  after 
the  stomach  has  been  moderately  filled. 
In  a  few  cases  noted  the  stomach  was  dis- 
tinctly curved,  with  the  pylorus  on  the 
right  side  of  the  hodiy.  In  histological 
structure  the  walls  of  the  stomach  com- 
prise the  usual  muscular  and  connective 
tissue  layers,  while  the  mucous  membrane 
is  remarkably  thin,  and  the  glands  short 


Figure  2.  Portion  of  trans- 
▼erse  section  of  mncosa  of 
utomach,  showing  the  simple 
short  tubular  gastric  glands   and  much  twisted  (text-fig.  2).     The   lin- 

Ht.m**x  2^°^"'*"'''  '^"'"'"  >"&'  «^  «'™P^e  columnar  epithelium,  con- 
tinues directly  into  the  shallow  pits,  from 
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the  bottom  of  each  of  which  one,  two,  or  several  short  tiibalir 
glsods  ext«Dd  to  the  rather  thick  muscularis  mucoste.  In  their  basal 
portions  the  glands  twist  about  considerably. 

The  pyloric  valve  is  remarkably  highly  developed,  as  described  by 
Leydig  ('72,  p.  120)  ior  Anguis.  It  consists  of  a  mnscalar,  circu- 
lar fold,  fluted  loDgitudinatly  and  projecting  into  the  lumen  of  the 
duodenum. 

The  duodenum  baa  a  diameter  nearly  as  great  as  that  of  the 
stomach,  and  except  for  the  sharp  bend  at  its  anterior  end  is  almost 
straight.      Its     mucous 
membrane  is  thrown  up 
into    very    conspicuous 
'  tougue-sbapcd     villi 

(text-fig.  fl),  which  are 
oval  insection  and  placed 
with  their  long  axes 
transversely  to  the 
length  of  the  canal,  as 
is  common  in  many  va- 
FiKure  3.  Section  of  epithelinm  of  duodenum,  rieties  of  reptiles.  The 
.homing  absence  of  glands.     .  250.  epithelium  of  the  viilns 

is,  like  that  of  the  lining  of  the  intervening  intestinal  sirrface,  com- 
posed of  simple  columnar  epithelium  with  thickly  placed  goblet  cells 
(teit-fig.  3),  No  other  glands  occur.  The  epithelial  cells  exhibit  the 
peculiarly  striated  free  border  so  characteristic  of  the  small  intestine 
of  the  higher  vertebrates.  Conspicuous  blood  and  lymphatic  ves- 
sels occupy  the  central  portions  of  the  villi. 

The  duodenum  passes  imperceptibly  into  the  ileum,  there  being  no 
distinct  tine  of  demarcation  either  anatomically  or  histologically. 
The  villi  of  the  duodenum  become  gradually  shorter  and  closer 
together,  and  eventually  give  place  to  irregular  wavy  folds  which 
extend  lengthwise  througjiout  the  ileum.  The  posterior  end  of  the 
ileum,  however,  has  a  nearly  smooth  lining.  Its  posterior  end  is 
much  narrower  than  the  more  anterior  portions,  and  the  change  from 
ileum  to  large  intestine  is  very  marked ;  there  is  here  a  distinct 
annular  constriction  separating  the  two  chambers  (|il.  xliii,  figs,  25, 
9C,  text-tig,  1).  This  valve  is  marked  by  strong  circular  muscles, 
and  the  mucosa  is  thrown  up  into  marked  longitudinal  folds.  There 
is  no  free  fold  of  the  mucosa,  however,  such  as  occurs  between 
stomach  and  duodenum  or  between  rectum  and  cloaca. 

Tiio  small  intestine  opens  into  the  large  intestine  on  one  side  of  its 
central  axis,  so  that  an  indication  of  a  rudimentary  cncum  is  formed 
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on  the  side  farthest  from  this  opening,  as  in  most  lizards.  The  large 
intestine  is  cylindrical  and  without  convolutions.  It  lies  in  the 
middle  line  of  the  body  and  remains  of  about  the  same  diameter 
throughout  its  length.  Posteriorly  it  opens  into  the  much  narrower 
ventral  cloacal  chamber  as  described  below.  Instead  of  passing 
gradually  into  the  cloaca,  however,  the  posterior  end  of  the  large 
intestine  is  saclike  and  in  ordinary  states  of  contraction  continues 
slightly  farther  back  than  the  comparatively  narrow  opening  into 
the  cloaca.  A  pair  of  very  shallow  blind  pockets  are  thus  formed 
on  the  right  and  left  sides  of  the  anterior  end  of  the  ventral  cloacal 
chamber.  The  epithelium  of  these  blind  pockets  is  sharply  dis- 
tinguishable from  that  of  the  other  portions  of  the  large  intestine 
because  of  the  presence  of  masses  of  lymphoid  cells  forming  well- 
marked  lymphatic  nodules.  In  other  states  of  contraction,  however, 
the  pockets  entirely  disappear,  the  large  intestine  passing  gradually 
into  tl)e  cloaca.  The  masses  of  lymphoid  cells  thus  lie  at  the  pos- 
terior end  of  the  large  intestine.  The  cloacal  chambers  and  their 
relation  to  the  ducts  opening  therein  are  described  in  detail  in  the 
chapter  on  the  urogenital  organs.  The  posterior  opening  of  the 
cloaca  is  in  ordinary  states  of  contraction  a  transverse,  crescent- 
shaped  slit,  guarded  by  a  definite  series  of  scales,  as  described  in 
the  following  chapter. 

Liver, — As  is  the  case  with  the  alimentary  canal,  the  liver  con- 
forms in  shape  to  the  slendemess  of  the  body,  consisting  of  a  single 
very  slender  mass  with  only  a  very  small  secondary  lobe  (text-fig.  1). 
The  main  body  of  the  organ  is  apparently  made  up  of  the  portion 
which  constitutes  the  right  lobe  in  most  lizards,  the  small  secondary 
lobe  referred  to  being  the  left  lobe,  which  is  either  rudimentary  or 
has  its  anterior  portions  completely  fused  with  the  right  lobe.  The 
right  lobe  extends  from  a  short  distance  behind  the  heart  nearly  as 
far  as  the  posterior  end  of  the  stomach.  It  is  somewhat  crescentic 
in  cross  section,  the  concavity  lying  closely  appressed  to  the  esopha- 
gus, which  it  covers  ventrally  and  on  the  right  side  in  its  normal 
position.  Sometimes  both  esophagus  and  posterior  portion  of  lung 
are  almost  completely  surrounded  thereby.  The  average  length  of 
the  right  lobe  is  about  50"*°*  in  adult  specimens,  being  very  nearly 
one  third  as  long  as  the  distance  from  tip  of  snout  to  anal  aperture. 
Both  anterior  and  posterior  extremities  are  very  narrow.  The 
epigastric  vein  enters  the  posterior  end,  while  the  vena  cava  inferior 
leaves  the  opposite  extremity,  and  the  portal  vein  enters  the  angle 
formed  at  the  junction  with  the  rudimentary  left  lobe. 
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The  left  lobe  is  represented  by  a  very  email  projection  situated  a 
Bbort  dietance  behind  the  gall  bladder  and  at  about  four  fifths  the 
distance  toward  the  posterior  end  of  the  right  lobe  (text-fig.  1). 

The  gall  bladder  is  conspicuons  as  a  dark,  oval  body  imbedded  in 
the  substance  of  the  liver  at  about  three  fourths  the  distance  toward 
the  posterior  end  of   that 
organ.     In  some  cases  it  is 
largely  covered  by  the  liver 
tissue,  but  usually  lies  freely 
exposed  ventrally.     Several 
bile  ducts   (text-fig.  4)    ac- 
company the  jiortal  vein  to 
Figure  4,    SeutloQ  of  portal  vein  with  Its  the  anterior  end  of  the  du- 
aocompanying  bila  diwto,  of  whkh  three  sre  odeuum.     One   of  these    is 
seen  on  eacb  Bide,      x  o<i. 

larger  than  the  four  or  five 
other  ducts  and  probably  leads  directly  from  the  gall  bladder.     They 
pass  through  the  walla  of  the  duodenum  in  company  with  the  pan- 
creatic ducts. 
Pancreas. — Situated  in  the  angle  between  the  pylorus  and  anterior 


Figure  5.  Ventral  aide  of  Btomaoli 
and  dDodennm,  Hliowing  poBitioo  of 
lobesof  paticreosand  spleen  ;  p,  p  ,  left 

and  middle  lubes  of  paDcreas  respective- 
ly; p' .  riftht  lobe  of  pancreas,  coutlii- 
ning  poBleriorly  into  epieen  (»p);  p.  v. 


FignTe6.    Ventral  side  of  stomach 

and  anterior  portion  of  duodeontu, 
the  latter  opeued  to  show  the  tongne- 
Bbap«d  villi.  The  three  lobes  of  the 
pancreas  and  the  eplecii  are  ae  tn 
fig.  5.      X  S. 


end  of  the  duodenum,  that  is,  on  the  ventral  and  right  sides  of  the 
pylorus,  are  three  small  bodies  of  whitish  color  (text-fig.  1);  two  of 
these  are  flattened,  irregularly  triangular  in  outline  and  appresaed 
rather  closely  to  the  stomach,  while  the  third  is  ovoid,  with  a  deeply 
pigmented  posterior  portion  (text-figs,  5,  0).  The  two  flattened 
bodies  prove  to  be  lohes  of  the  pancreas  ;  the  paler  portion  of  the 
ovoid  body  is  likewise  pancreas,  while  its  pigmented  posterior  por- 
tion  constitutes  the  spleen.     In  moat  cases  at  least  two  of  these 
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bodies  are  more  or  less  intimately  fused  together,  and  in  some  indi- 
viduals all  three  are  connected  by  a  continuous  mass  of  pancreatic 
tissue,  the  three  bodies  then  {)eing  represented  as  distinct  lobes  of  a 
single  gland. 

Of  the  pancreas  lobes,  one  lies  on  the  ventral  and  left  side  of  the 
portal  vein,  close  beside  the  pylorus.  The  second  (text-figs.  5,  6)  is 
situated  somewhat  posteriorly  to  this  left  lobe,  and  on  the  ventral 
side  of  the  portal  vein,  and  may  be  called  the  median  lobe ;  it  is 
sometimes  slightly  bilobed,  and  occasionally  connected  directly  to 
the  left  lobe.  The  third  lobe,  which  is  intimately  fused  with  the 
spleen  (text-figs.  5-7),  is  -usually  situated  a' little  anterior  to  the 
median  lobe  and  to  the  right  of  the  portal  vein  (text-figs.  5,  6)  ;  it 
may  consequently  be  considered  as  the  right  lobe.  It  is  usually  con- 
nected with  the  left  lobe  by  a  mass  of  pancreatic  tissue  between  the 
portal  vein  and  the  pylorus.  Both  the  splenic  and  pancreatic  tissues 
are*  so  closely  fused  into  a  single  mass  that  the  spleen  must  be 
looked  upon  as  an  appendage  to  the  right  lobe  of  the  pancreas. 

Spleen, — As  described  above,  the  ovoid  right  lobe  of  the  pancreas 


Figure  7.  Outlines  of  right  lobe  of  pancreas  (p)  in 
four  indiyidnals,  showing  its  more  or  less  intimate 
connection  with  the  spleen  {sp).     x  6. 

exhibits  a  marked  differentiation  posteriorly,  in  that  the  anterior  part 
is  pale  and  whitish  in  color,  while  the  posterior  portion  is  deeply 
pigmented  (text-figs.  5-7).  A  longitudinal  section  shows  that  the 
pale  portion  is  composed  of  true  pancreatic  tissue  and  the  pigmented 
part  has  the  histological  structure  of  the  spleen.  The  boundary 
between  the  two  kinds  of  tissue  is  clearly  marked  by  a  thin  layer  of 
connective  tissue. 

The  spleen  retains  its  natural  ovoid  shape  and  is  imbedded  anteri- 
orly in  the  pancreatic  mass,  the  convexity  of  the  spleen  fitting  into 
a  corresponding  concavity  in  the  pancreas.  The  extent  to  which  the 
anterior  portion  of  the  spleen  is  buried  in  the  pancreas  varies  in 
different  individuals,  as  illustrated  in  text-fig.  7.  The  pancreas 
appears  to  grow  back  over  the  spleen  by  an  outgrowth  of  its  small 
lobules,  so  that  the  posterior  border  of  the  gland  is  irregular  and 
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wavy  in  outline.  In  a  few  cases  the  spleen  was  attached  to  the 
pancreatic  lobe  only  by  a  narrow  mass  of  connective  tissue. 

Lungs. — As  stated  above,  the  right  lung  is  much  elongated  and 
well  developed,  while  the  left  is  small  and  rudimentary,  although 
remaining  functional.  Both  lungs  are  provided  with  a  similar  ante- 
rior lobe. 

The  larger,  right  lung  is  long  and  tubular,  being  largest  in  its 
middle  portion  and  tapering  gradually  to  the  slender,  pointed  pos- 
terior end  (text-fig.  8).  The  trachea  enters  the  median  border  of 
this  lung  a  short  distance  behind  the  anterior  end,  which  is  thus 
extended  forward  as  a  short  anterior  lobe.  The  lumen  of  this  lobe 
is  directly  continuous  posteriorly  with  that  of  the  main  portion  of 
the  lung,  although  there  is  often  a  slight  constriction  in  this  region. 
If  the  constriction  becomes  conspicuous,  the  opening  into  the  poste- 
rior end  of  the  anterior  lobe  is  comparatively  narrow. 

The  left  lung  is  usually  less  than  one  fourth  as  long  as  the  right, 
the  cavities  of  the  two  being  in  all  the  individuals  examined  con- 
nected only  by  a  narrow  opening  (text-fig.  8). 
Cope's  statement  (:00,  p.  670)  that  the  two 
lungs  are  fused  proximally,  '*  so  that  there  is 
but  a  single  lumen,"  is  therefore  erroneous  or 
founded  on  an  abnormal  or  aitificial  condition. 
The  actual  opening  is  small,  oval  in  outline,  and 
situated  at  the  extreme  posterior  end  of  the 
trachea,  which  passes  for  a  short  distance  along 
the  median  border  of  this  as  well  as  of  the  right 
lung.  In  this  way  the  left  lung  is  provided 
with  an  anterior  lobe,  projecting  forward  in 
front  of  the  tracheal  opening  just  as  in  the  case 
of  the  right  lung.  The  anterior  end  of  this 
lobe  is  rounded  and  often  fully  as  large  as  the 
corresponding  lobe  of  the  other  lung.     A  slight 

_.        ^     ^  constriction  or  lateral  indentation  usually  occurs 

Figures.— Ontline of  ,  ,  .       ,   ,  ••   /  .     i 

lungs,  showing   large    ^^  demarcate  the  anterior  lobe  more  definitely. 

right  lobe  and   rudi-        Although  the  cavities  of  the  two  lungs  are  so 

well  separated,  yet  the  left  lung  is  closely  bound 
to  the  right  by  a  strong  sheet  of  connective  tissue.  The  left  lung  is 
thus  held  closely  appressed  to  the  right  except  at  its  anterior  and 
posterior  extremities. 

,  Although  there  exists  such  great  discrepancy  in  size  between  the 
two  lungs,  yet  both  are  functional  in  all  parts.  The  walls  of  both 
are  thin  and  membranous,  the  reticulate  bars  or  laminae,  which  carry 
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the  blood  vessals,  forming  only  shallow  alveoli.  There  is  in  each 
lung,  therefore,  when  well  distended,  a  central  air  chamber  nearly  as 
large  as  the  lung  itself. 

The  anterior  ends  of  both  lungs  are  placed  symmetrically  close 
behind  and  beside  the  ventricle,  the  anterior  lobe^of  each  projecting 
forward  to  about  the  same  extent  (text-fig.  8).  The  large  lung 
occupies  the  right  side  of  the  body  cavity  behind  the  heart  and 
extends  posteriorly  on  the  dorsal  side  of  the  liver,  while  the  esopha- 
gus is  situated  in  a  corresponding  position  on  the  left  side  of  the 
body. cavity.  Nevertheless,  when  the  lung  is  well  distended  and  the 
esophagus  empty,  the  lung  actually  fills  the  whole  ventral  portion 
of  the  body  cavity  for  some  distance  behind  the  heart  and  thus  lies 
ventral  to  the  esophagus.  This  condition  will,  perhaps,  justify 
Cope's  statement  (:  00,  pp.  670,  671)  that  the  lung  lies  ventral  to  the 
alimentary  canal. 

The  average  length  of  the  right  lobe  in  adult  individuals  is  about 
35"",  and  that  of  the  left  lobe  about  8"",  the  comparative  size  in 
preserved  specimens  naturally  depending  largely  on  the  state  of 
contraction.  In  one  instance  noted  the  left  was  but  5™"  long  and 
the  right  SO*"™.  There  is,  however,  great  variation  in  size  in  life, 
particularlj'-  as  regards  the  rudimentary  lung.  The  length  of  the 
trachea  is  about  30"". 

Cope  states  (:  00,  p.  670)  that  the  fusion  of  the  lungs  indicates  a 
step  nearer  obliteration  of  one  than  occurs  in  any  of  the  serpentiform 
genera  of  Teiidae,  Scincidse,  or  Anguidse,  where,  although  reduced 
in  size,  the  left  is  distinct  from  the  right  except  at  its  anterior  end. 


II. — External  Anatomy  and   Skkleton.     B.  W.  Kunkel. 

PI.  XLi,  figs.  4-8  ;  PI.  XLii,  figs.  9-24 ;  Text-figs.  9-13. 

The  external  appearance  of  the  limbless,  snake-like  lizard,  Anniella 
pulchroy  of  California  may  be  described  as  follows  :  Body  cylindri- 
cal or  flattened  slightly  dorso-ventrally.  Head  very  much  depressed, 
slightly  broader  posteriorly  than  rest  of  body  and  tapering  gradually 
to  a  moderately  sharp  snout,  which  has  the  form  of  a  truncated  cone, 
and  projects  beyond  the  lower  jaw.  Body  only  slightly  differen- 
tiated into  head  and  neck.  Externally  there  is  no  trace  of  limbs. 
Tail  variable  in  length,  being  from  one  tenth  to  one  half  the  length 
of  body  from  snout  to  anus,  due  apparently  to  injury  to  this  mem- 
ber.    In  every  instance  in  which  the  tail  was  relatively  short,  it  was 
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rounded  at  the  posterior  end,  but  in  several  blunt-tailed  individuals 
the  tail  was  one  half  the  length  of  the  body  proper,  showing  that 
when  broken  the  tail  always  becomes  rounded  regardless  of  the  posi- 
tion of  the  injury.  Of  some  50  adult  specimens  measured,  the 
maximum  length  of  the  body  from  snout  to  cloacal  opening  was 
153"°,  the  average  being  128.5"^";  the  length  of  the  tail  of  the  same 
specimens  averaged  41.1°*";  and  the  total  length,  169.6"°.  The 
greatest  diameter  of  these  specimens  varied  from  5  to  7"™. 

There  are  apparently  two  distinct  varieties  of  coloring,  corre- 
sponding to  the  varieties  nigra  and  pulchra.  In  the  more  common 
variety,  nigra^  which  made  up  about  two  thirds  of  the  total  number 
of  specimens  examined,  the  dorsal  side  is  of  a  dark  purplish  brown; 
and  in  the  less  common  pulchra^  it  is  of  a  pale  steel  blue.  In  both 
varieties  the  color  is  uniform  and  extends  on  the  dorsal  surface  for 
about  one  third  the  circumference  of  the  body;  that  is,  ten  or  eleven 
longitudinal  rows  of  scales  on  the  dorsal  side  are  deeply  pigmented. 
Adjacent  to  the  pigmented  scales  on  each  side  is  a  row  of  scales 
slightly  paler  than  the  dorsal  ones.  In  some  of  the  more  deeply 
colored  specimens,  the  row  next  but  one  to  the  unpigmented  is 
slightly  darker  than  any  of  the  dorsal  ones,  thus  giving  rise  to  a 
lateral  line  of  darker  color.  The  ventral  side  is  always  very  faintly 
colored;  the  individuals  of  the  variety  pulchra  are  slightly  more  of 
a  cream  color  on  the  ventral  side  than  those  of  the  darker  colored 
variety,  which  tend  more  to  a  decidedly  yellow  color.  There  is 
comparatively  little  difference,  however,  in  the  coloring  of  the  ven- 
tral side.  In  the  variety  nigra  the  scales  on  the  ventral  side  show 
very  slight  and  delicate  pigmentation  on  their  lateral  borders,  but 
this  is  entirely  wanting  in  the  paler  individuals.  The  ventral  side 
of  the  head  and  neck  is  pigmented  like  the  dorsal  side  but  is  not 
quite  so  dark.  This  pigmentation  extends  back  in  the  median  line 
for  nearly  twice  the  length  of  the  mouth,  but  not  so  far  laterally, 
and  gradually  passes  oyer  to  the  general  color  of  the  ventral  side  of 
the  body.  A  small  number  of  scales  immediately  anterior  to  the 
cloacal  opening  are  likewise  pigmented  in  some  individuals.  The 
scales  on  the  ventral  side  of  the  tail  are  pigmented  on  their  lateral 
borders,  giving  the  effect  of  slightly  irregular  zigzag  lines  equal  in 
number  to  the  longitudinal  rows  of  scales  on  the  ventral  side.  The 
pigment  of  the  dorsal  side  extends  around  the  tip  of  the  tail  for  a 
distance  of  a  millimeter  or  two  on  the  ventral  side. 

There  is  no  trace  of  an  external  ear,  but  the  position  of  the  audi- 
tory capsule  in  the  skull  is  posterior  to  the  specialized  plates  of  the 
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head.  The  eye  is  rather  elongated  and  may  be  closed  by  a  lower 
lid  which  is  covvred  by  three  §cales,  the  middle  one  of  which  is  the 
largest. 

Scales. 
The  scales  covering  the  head  are  larger  than  those  of  the  body 
and  have  a  very  definite  position  upon  the  underlying  bones  of  the 
skull.  The  following  are  the  most  important  peculiarities  of  the 
cephalic  plates.  The  rostral  plate  (text-fige.  9-U,  r)  is  more  or  less 
pentagonal,  and  is  in  contact  with  tbe  nasals  by  a  long  suture,  and 
with  the  low  anterior  end  of  the  first  superior  labial  and  the  intema- 

0  10  11 


Pignres  (^11.  Dorsal,  lateral,  and  ventral  views  of  head,  showiog  arrange- 
mout  of  anales ;  fn,  frontonasal ;  fp,  fused  frontal  aud  frontoparietals ;  if, 
flnt  iafralabial ;  in.  Brst  inferior  labial ;  it,  intemaaoloreal ;  ip.  Interparietal  ; 
n,  nasal ;  jia.  parietals ;  r,  rostral ;  s.  synipbysial  i  ir,  second  superciUarj  ;  >.I, 
second  superior  labial ;  to,  snpraocnlar ;  >.p,  superior  preocnlar.      x  4. 

soloreals,  which  have  a  short  common  suture.  The  nasals  (text-fig. 
10, «)  are  roughly  rhomboidal  with  their  apices  directed  posteriorly; 
they  rest  upon  the  first  superior  labialM  and  are  situated  anterior  to 
the  second  superior  labials  and  internasoloreals. 

The  DOHtril  is  small  and  elongated  with  its  long  axis  oblique  ;  it  is 
situated  in  the  ventral  and  anterior  portion  of  the  nasal  plate. 

The  internasoloreals  are  large  and  rectangular  and  meet  In  the 
middle  line  by  a  short  suture  which  is  slightly  oblique.  They  are 
bounded  posteriorly  by  the  superior  preocuJar  and  frontonasal  {./»), 
which  is  a  large  median  plate,  subtrianguiar  in  form  and  somewhat 
wider  than  long.  The  superior  preocular  («.p)  is  pentagonal,  with 
its  apex  reaching  ihe  eye  posteriorly  ;  it  is  in  contact  ventrally  with 
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the  second  superior  labial  («./)  and  the  very  small  elongated  inferior 
preocular,  and  dorsally  with  the  frontonasal,  the  supraocular  by  a 
very  short  suture,  and  with  the  most  anterior  of  the  three  small 
superciliaries.  Posterior  to  the  frontonasal  is  a  single  large  hexago- 
nal scale,  according  to  Cope  (:00)  probably  the  fused  frontal  and 
frontoparietals  {fp),  provided  with  a  notch  on  its  posterior  margin 
to  accommodate  the  small  interparietal.  The  inferior  preocular  is 
situated  ventrally  with  respect  to  the  superior  preocular.  It  is  very 
small,  linear  or  subtriangular  in  form  with  its  base  directed  dorsally  ; 
it  is  in  contact  on  the  ventral  side  principally  with  the  third  superior 
labial  and  sometimes  also  by  a  very  short  suture  with  the  second 
superior  labial.  Out  of  more  than  30  specimens  examined,  four  were 
found  in  which  the  inferior  preocular  was  absent  and  in  two  cases  it 
was  present  on  the  right  side  only. 

The  first  supraocular  (text-fig.  10,  so)  is  triangular  and  situated 
posteriorly  to  the  frontonasal  and  laterally  to  the  large  fronto-fronto- 
parietal.  It  is  in  contact  also  with  the  second  supraocular  poste- 
riorly, also  with  the  superior  preocular  by  a  very  short  suture,  and 
the  first  and  second  superciliaries.  The  second  supraocular  is  rather 
small  and  elongated;  situated  dorsally  to  it  are  the  fronto-frontopari- 
etal  and  the  outer  one  of  the  parietal s ;  ventral  to  it  are  the  second 
and  third  superciliaries  ;  anterior  to  it  are  the  first  supraocular  and 
second  superciliary,  and  posterior  to  it  are  the  parietal  and  one  of 
the  postoculars. 

The  three  superciliaries  form  a  series  dorsal  to  the  eye  :  the  middle 
one  (sc)  is  lozenge-shaped  and  higher  than  broad  and  separates  the 
first  and  third,  which  are  subequal;  the  first  superciliary  is  elongated 
with  parallel  sides  and  is  in  contact  with  the  superior  preocular  ante- 
riorly and  ventrally;  the  third  is  slightly  lower  than  the  first  and  is 
bounded  dorsally  by  the  second  supraocular  and  by  the  superior  post- 
ocular  posteriorly. 

Two  squamiform  subequal  postoculars  lie  side  by  side  in  transverse 
series  ;  the  inferior  one  is  in  contact  ventrally  with  the  fourth  supe. 
rior  labial ;  the  superior  postocular  is  bounded  anteriorly  by  the 
second  supraocular  and  the  third  superciliary,  and  dorsally  by  the 
parietal.  Posterior  to  these  the  regular  squamation  of  the  body 
proi)er  begins. 

There  are  six  superior  labials  which  form  a  series  bounding  the 
mouth  dorsally:  of  these  the  first  is  very  low  and  situated  ventral  to 
the  rostral  and  nasal  plates  ;  the  second  (s,l)  is  the  largest,  about 
twice  as  long  as  high,  subrectangular  in  shape  and  in  contact  with 
the  internasoloreals  and  superior  and  inferior  preoculars  dorsally  ; 
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the  third  is  higher  than  broad  and  is  bounded  dorsally  by  the  inferior 
eyelid,  the  anterior  preocalar  and  the  fourth  superior  labial;  the  fourth 
is  subrectangular,  smaller  but  somewhat  higher  than  the  second  and 
reaches  the  inferior  eyelid  ;  it  is  in  contact  also  with  the  postocular 
dorsally  and  posteriorly.  The  fifth  and  sixth  are  somewhat  smaller 
than  the  others ;  they  are  both  squamiform  and  scarcely  to  be  dis- 
tinguished from  the  regular  scales  on  the  body  in  the  same  region. 

Lying  in  the  notch  of  the  fronto-frontoparietal  is  the  rhomboidal 
interparietal  (text-fig.  10,  ip)^  which  bears  somewhat  anterior  to  its 
centre  the  browspot,  a  pigmentless  area  of  circular  shape  and  indis- 
tinct outlines,  whose  diameter  is  equal  to  about  one  fourth  the  great- 
est width  of  the  scale.  It  is  bounded  posteriorly  by  the  occipital 
plate  in  the  median  line  and  the  parietals.  The  occipital  is  rhomboi- 
dal in  shape  and  smaller  than  the  interparietal  and  parietals.  Two 
subequal,  rhomboidal  parietals  (pa)  are  arranged  on  each  side  in  a 
transverse  row  posterior  to  the  fronto-frontoparietal  and  the  inter- 
parietal. Several  rows  of  scales  posterior  to  these  are  slightly  larger 
than  the  body  scales. 

On  the  lower  jaw  is  a  large  symphysial  plate  (text-fig.  11,  «)  sub- 
hexagonal  and  equilateral.  It  is  flanked  by  the  first  inferior  labial 
(in),  which  is  trapezoidal  in  form.  Six  inferior  labials  of  gradually 
diminishing  height  form  a  series  bounding  the  lower  jaw  medially. 
The  second  inferior  labial  is  rhomboidal  and  of  about  the  same  size 
as  the  first.  The  fifth  and  sixth  are  considerably  smaller  than  the 
others.  Situated  medially  with  respect  to  the  inferior  labials  is  a 
series  of  four  infra  labials.  The  first  infralabials  {if)  are  large  and 
trapezoidal  in  form.  They  meet  in  the  middle  line  and  are  bounded 
laterally  by  the  first  and  second  inferior  labials;  the  second  and  third 
infralabials  are  oblong,  about  twice  as  long  as  broad  ;  the  third  is 
somewhat  smaller ;  and  the  fourth  considerably  smaller  than  the 
third.  There  is  a  second  series  of  infralabials  situated  medially  with 
respect  to  the  first.  The  first  scale  of  this  series  is  broad  and  meets 
its  fellow  in  the  middle  line  by  a  long  suture  ;  the  second  is  some- 
what smaller  and  trapezoidal.  Two  squamiform  scales  somewhat 
larger  than  the  regular  scales  of  the  body  are  situated  posterior  to 
the  first  infralabials  of  the  second  series  medially.  Posterior  to  these 
the  regular  squamation  of  the  body  begins. 

The  scales  of  the  body  in  the  region  of  the  neck  are  considerably 
narrower  in  an  antero-posterior  direction  than  those  of  the  body 
proper.  There  are  also  several  more  longitudinal  rows  in  this  region 
to  allow  for  the  slightly  larger  diameter  of  the  base  of  the  head. 
The  scales  of  the  body  (text-fig.  13)  are  very  regular  in  size  and 
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shape,  Bubhexagonal  or  cycloidal  and  strongly  imbricate  and  arranged 
in  from  26  to  32  longitudinal  rows,  30  being  the  usual  number  ;  the 
margins  are  entire  and  the  surface  smooth. 

There  are  five  preanal  scales  (text-fig.  12),  of  which  the  median 
one  ia  the  longest  and  more  or  less  wedge-shaped  with  its  apei  pos- 
terior.   The  lateral  scales  are  subequal  and  lozenge -shaped. 

Some  embryos  just  previous  to  the  time  of  birth  showed  several 
interesting  variations  from  the  adult  type.     The  interparietal  plate 


Figure  13.     Arrangement  of  scales  Fignre  13.     ArrsngameDtof  Bcalea  of 

about  cloacal  aperture  of  adnlt,      x  4.       body,  seen  from  left  side,      x  4. 

of  the  embryo  is  much  broader  relatively  than  in  the  adult  and  the 
posterior  margin  of  the  fro n  to- frontoparietal  is  more  rounded  in  its 
contour  than  in  the  adult  (pi.  xui,  fig.  U).  The  interparietal 
also  showed  considerable  variation  in  size,  for  in  some  cases  it  was 
not  only  relatively  but  also  actually  larger  than  in  the  adult.  In  a 
single  embryo  the  parietal  in  contact  with  the  intei-panetal  on  the 
right  was  replaced  by  three  small  cycloidal  scales  which  occupied 
approximately  the  name  space  that  the  single  parietal  on  the  left  did. 
Of  these  three  the  anterior  was  the  largest  and  the  posterior  one  was 
the  smallest  and  overlapped  the  occipital  more  than  did  the  parietal 
on  tbe  left. 

The  position  of  the  pineal  eye  with  reference  to  the  interparietal 
plate  shows  much  variation  in  these  embryos  ;  usually  it  is  in  the 
anterior  portion,  but  it  may  lie  centrally  or  even  posteriorly.  In  the 
adult,  on  the  other  hand,  the  pineal  eye  always  lies  entirely  in  the 
anterior  portion.  The  eye  can  be  seen  clearly  beneath  this  plate,  for 
thei-e  is  a  circular  nnpigmented  area  directly  above  it  with  a  diameter 
tbout  twice  that  of  the  underlying  structure  (fig.  ID],  so  that  tlie  eye 
appears  as  a  perfectly  black  spot  surrounded  by  a  piginentless  area 
which  blends  off  into  the  general  color  of  the  dorsal  side. 

DeriMd  OasificalioM. — Dermal  ossifications  are  strongly  devel- 
oped,  underlying  each  scale.      They  are  nsually  palmate  in  form 
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with  four  or  more  rays  and  usually  exhibit  one  or  more  foramina. 
Their  outlines  are  irregular.  The  rays  arise  from  a  more  or  less 
stout  base  and  extend  posteriorly  (pi.  xlii,  figs.  15-19). 

Skeleton. 

Skidl, — The  skull  of  AnnieUa  is,  in  a  general  way,  conical,  corre- 
sponding for  the  most  part  to  the  external  form  of  the  head ;  pos- 
teriorly it  extends  beyond  the  differentiated  cephalic  plates.  The 
cranium  is  broadest  at  the  posterior  portion  of  the  fused  parietals 
and  supraoccipital  which  encloses  the  internal  ear.  Posterior  to 
the  broadest  point  the  skull  is  more  nearly  hemispherical  in  form. 
The  cranium  is  fairly  well  developed  in  comparison  with  the  facial 
part  of  the  skull. 

The  premaxilla  (pi.  xlt,  figs.  4,  5,  and  6,  pm)  is  single  and  bears 
four  or  five  teeth,  and  has  a  large  median  process  which  extends 
posteriorly  and  dorsally  and  separates  the  two  nasals ;  the  palatal 
portion  bears  posteriorly  a  slender  median  spine  and  two  triangular 
processes.  The  latter  are  embraced  externally  by  the  maxillae. 
Each  maxilla  (mx)  bears  usually  six  teeth,  which  are  situated  on  a 
ledge  on  the  inner  side  ;  the  facial  portion  is  large;  the  maxilla  is  in 
contact  with  the  premaxilla  and  nasal  anteriorly  ;  the  frontal,  pre- 
frontal, nasal,  and  jugal  dorsally  ;  with  the  supraorbital  and  ecto- 
pterygoid  posteriorly,  and  with  the  palatine,  ectopterygoid  and 
vomer  medially.  The  nasals  (n)  are  rather  large  and  separated 
anteriorly  by  the  median  process  of  the  premaxilla.  The  facial 
portion  of  the  maxilla  and  a  slender  process  of  the  frontal  lie  exter- 
nally. 

The  frontals  (fr)  form  a  wide  entrant  angle  between  the  nasals 
posteriorly  and,  by  a  very  small  process,  separate  the  nasals  from 
the  prefrontals.  There  is  a  small  foramen  on  the  extenial  margin 
near  the  posterior  end  of  the  suture  with  the  maxilla.  Each  pre- 
frontal (p)  is  bounded  medially  by  the  frontal  and  to  a  slight  extent 
by  the  maxilla,  ventrally  and  posteriorly  by  the  orbit  of  the  eye  and 
supraorbital,  anteriorly  and  ventrally  by  the  maxilla.  The  poste- 
rior end  reaches  the  postfrontal ;  the  descending  process  is  well 
developed. 

Posterior  to  the  prefrontal  is  the  small  postfrontal,  which  is 
crescentic  in  shape  and  is  situated  laterally  to  the  frontal  and 
parietal,  the  concave  border  fitting  over  the  angle  formed  by  the 
frontal  and  parietal  at  the  coronal  suture.  The  postorbital  is  very 
small  and  scale-like,  attached  to  the  outer  and  posterior  aspect  of 
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the  postfrontal.  The  frontals  (fr)  are  large  and  separate.  They  are 
slightly  separated  posteriorly  by  an  entrant  angle  of  the  fused 
parietals.  Laterally  are  situated  the  prefrontal  and  postfrontal. 
The  descending  processes  meet  ventrally,  enclosing  the  olfactory 
lobes.  The  parietals  (pa)  are  fused  and  very  large.  There  is  no 
pineal  foramen,  but  near  the  anterior  margin  is  a  cavity  on  the  under 
side  in  which  lies  the  pineal  eye  as  has  been  described  for  Anguis. 
The  parietal  broadens  posteriorly,  although  just  behind  the  coronal 
suture  it  is  constricted  sharply  so  that  the  lateral  angles  overhang. 
Posteriorly  the  two  lateral  portions  are  prolonged  considerably  to 
fit  exteraally  to  the  supraoccipital ;  in  the  median  portion  of  the 
posterior  edge  of  the  parietal  are  several  slender  teeth  for  gomphosis 
with  the  supraoccipital  (so).  In  one  specimen  there  were  four,  as 
figured,  but  in  others  the  lateral  teeth  had  disappeared.  Near  the 
middle  of  the  suture  with  the  supraoccipital  are  two  oval  depressions. 
A  short  process  of  the  outer  and  posterior  end  of  the  parietal  rests 
on  the  petrosal  and  supports  the  anterior  end  of  the  squamosal. 
The  parietal  is  in  contact  with  the  frontals,  postfrontals,  petrosals, 
squamosals,  and  supraoccipital. 

The  supraoccipital  {so)  is  large  and  is  fused  with  the  exoccipitals. 
There  is  a  deep  notch  at  the  posterior  margin  dorsal  to  the  foramen 
magnum.  This  bone  is  expanded  considerably  to  accommodate  the 
anterior  semicircular  canal.  In  each  internal  ear  there  is  a  single 
large  lenticular  mass  of  very  white  carbonate  of  lime,  the  otolith. 
The  horizontal  semicircular  canal  extends  around  the  otolith  medially 
and  very  nearly  meets  its  fellow  in  the  middle  line. 

The  vomers  (fig.  5,  vo)  are  separated  anteriorly  by  the  median 
process  of  the  premaxilla.  They  are  in  contact  with  each  other  for 
about  one  half  of  their  length  but  are  separated  posteriorly.  The 
maxillaB  and  palatines  lie  externally  to  the  vomers,  immediately 
behind  which  the  posterior  nares  open.  There  is  a  strongly  devel- 
oped longitudinal  keel  on  each  vomer  which  becomes  more  promi- 
nent posteriorly,  and  a  foramen  in  the  middle  of  each. 

The  palatines  (/)/)  are  separated  widely  from  each  other  by  the 
vomers  and  are  in  contact  also  with  the  maxillae,  ectoptery golds, 
pterygoids,  and  prefrontals;  they  are  short  and,  with  the  ectoptery- 
goids,  enclose  the  anterior  halves  of  the  palatine  foramina.  Each 
pterygoid  (pt)  is  long  and  Y-shaped  and  encloses  the  palatine  fora- 
men posteriorly.  The  outer  Timb  of  the  Y  is  united  with  the  ecto- 
pterygoid  {ec)  by  a  transverse  suttire;  the  posterior  limb  is  the  longest 
and   extends  medially  to  the  quadrate.     The  median  limb  of  the 
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pterygoid  articulates  with  the  palatine.  A  short  distance  posterior 
to  the  union  of  the  three  limbs  of  the  bone  there  is  an  articulation 
with  a  triangular  process  of  the  basisphenoid,  called  by  Cope  the 
basipterygoid  process  (h).  The  ectopterygoid  forms  a  continuation  of 
the  outer  limb  of  the  pterygoid,  fits  into  a  notch  of  the  posterior 
portion  of  the  maxilla,  and  also  sends  a  slender  process,  which  comes 
in  contact  with  the  palatine,  medially  along  the  posterior  margin  of 
the  maxilla. 

The  basisphenoid  {bs)  is  more  or  less  triangular  in  shape  with 
two  lateral  processes,  the  basi pterygoids,  articulating  with  the 
pterygoids.  The  lateral,  posterior  processes  of  the  basisphenoid 
unite  with  the  basioccipital.  The  basioccipital  {bo)  is  large  and 
bears  a  single,  simple  occipital  condyle;  in  one  of  Baur's  ('94) 
specimens  the  sutures  between  the  exoccipitals  and  basioccipital, 
which  enter  into  the  formation  of  the  condyle,  could  be  distinguished. 
The  basioccipital  and  basisphenoid  are  not  co-ossified.  The  quad- 
rate {q)  is  more  or  less  tri-radiate  in  form;  it  lies  external  to  the 
stapes  (st),  the  columellar  portion  of  which  fits  into  a  slight  con- 
cavity on  its  posterior  aspect.  The  ventral  arm  lies  external  to  the 
pterygoid.  The  stapes  is  large,  the  tympanic  portion  thick  and 
circular,  the  columellar  portion  short  and  stout.  The  petrosal, 
according  to  Cope,  lies  lateral  and  posterior  to  the  parietal;  the  ante- 
rior border  is  notched  to  receive  the  lateral  borders  of  the  parietal; 
the  supraforaminal  portion  of  the  petrosal  is  produced  to  an  acute 
angle,  terminating  at  the  parietal  border  much  in  advance  of  the 
anterior  semicircular  canal.  The  body  of  the  petrosal  is  perforated 
by  a  large  foramen  just  in  front  of  the  superior  part  of  the  quad- 
rate. 

The  jugal  {j)  is  slender  and  somewhat  curved,  free  af  its  distal 
end  and  united  with  the  maxilla  at  the  posterior  facial  portion. 
It  bounds  the  orbit  of  the  eye  ventrally  and  posteriorly.  The 
squamosal  (pi.  xn,  ^g.  6,  sq)  is  small  and  of  irregular  shape,  flat 
and  splint-like.  It  lies  dorsal  to  the  quadrate  and  stapes  and  exter- 
nal to  the  parietal,  petrosal,  and  supraoccipital.  The  exoccipitals 
are  fused  with  the  basi-  and  supraoccipitals.  The  lachrymal  is  very 
small  and  in  connection  with  the  maxilla  on  the  outside,  and  the  pre- 
frontal on  the  inside.  The  supraorbital  (s)  is  large  and  placed  above 
the  orbit  anteriorly.  The  epipterygoid,  mentioned  by  Cope,  is  very 
delicate  and  somewhat  L-shaped.  I  could  not  determine  its  position, 
but  found  it  in  a  thorough!}'  macerated  skull. 
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The  mandible  is  made  up  of  the  articular  (fig.  7,  a),  angular,  coro- 
nary (cor),  dentary  (fig.  7,  dti  and  fig.  8),  and  splenial  (sp).  The 
articular  is  co-ossified  with  the  supraangular.  The  angular  is  flat  and 
splintlike,  tf^ituated  on  the  external  aspect  of  the  mandible,  external 
to  the  articular  and  dentary.  Eight  teeth  are  usually  borne  on  the 
dentary.  They  are  acutely  conical,  grooved  on  the  inner  surface 
and  directed  slightly  backwards. 

The  hyoid  apparatus  is,  according  to  Cope,  the  simplest  among  the 
lizards:  it  consists  of  a  continuous  glosso-hyal  rod,  which  is  bifurcate 
posteriorly,  and  a  simple  branchihyal  attached  to  each  of  the 
branches.     The  other  elements  are  wanting  (pi.  xlii,  fig.  12). 

Vertebrce. — The  vertebrae  are  procoBlous.  The  presacrals  vary  in 
number  from  71  to  74,  and  all  have  simple  ribs  attached  except  the 
first  two.  In  a  single  specimen  Baur  found  that  there  was  a  short 
rib  present  on  one  side  only  of  the  second  vertebra.  The  neural 
spines  are  well  developed  and  directed  posteriorly  (pi.  xlii,  figs.  21 
and  22).  No  zygosphene  is  present  on  the  cervicals,  which  are  dis- 
tinguished by  the  presence  of  ventral  processes.  The  processes 
diminish  posteriorly,  and  that  of  the  first  vertebra  is  bilobed.  The  . 
transverse  processes  arise  from  the  anterior  portion  of  the  vertebra 
(fig.  19), 

There  are  four  sacral  vertebrae  with  no  ribs  attached,  but  with 
the  transverse  processes  much  developed.  The  first  has  a  simple 
process  directed  slightly  backwards;  the  second  has  the  process 
split  distally,  the  posterior  prong  being  smaller  and  variable  in  posi- 
tion. The  third  has  the  same  form  as  the  second,  but  the  notch  at 
the  extremity  of  the  transverse  process  is  deeper.  It  also  shows  the 
first  indication  of  a  chevron  in  the  form  of  two  parallel  plates  placed 
lengthwise  on  the  ventral  side  of  the  centrum  and  not  uniting  dis-  « 
tally.  In  one  specimen  these  plates  were  wanting.  The  fourth  is 
similar  to  the  third  but  the  chevron  is  complete.  Baur  ('94)  found 
the  chevron  incomplete  as  in  the  preceding  and  the  splitting  of  the 
transverse  process  only  on  one  side.  The  first  caudal  and  all  the 
succeeding  have  simple  caudal  ribs,  diapophyses,  directed  anteriorly, 
and  completely  formed  chevrons  pointing  posteriorly.  The  chevrons 
are  situated  at  the  ])08terior  ends  of  the  centra  and  not  intercentrally. 
The  transverse  splitting  of  the  vertebrae  in  the  tail  commences  at 
the  third  caudal.  A  portion  of  the  base  of  the  transverse  process  is 
included  in  the  small  anterior  segment;  the  posterior  segment  is  pro- 
coelous  (figs.  23  and  24).  The  number  of  caudals  varies.  In  one 
specimen  with  a  moderately  long  tail  there  were  36. 
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JRiba, — The  ribs  are  slender,  gradually  tapering  and  curved  (pi. 
XLii,  tig.  13).  They  increase  in  length  to  the  tenth  and  then  grad- 
ually diminish.  The  anterior  ribs  incline  more  posteriorly  than  the 
rest.  The  articular  facet  is  triangular  with  the  apex  of  the  triangle 
directed  ventrally.  There  is  a  single  rounded  notch  at  the  mid^e 
of  the  base  of  the  triangular  facet,  which  is  slightly  concave. 
Posteriorly  they  bdbome  circular.  The  last  two  ribs  are  consider- 
ably shorter  and  slightly  stouter  than  the  rest. 

Pelvis, — The  shoulder  girdle  is  entirely  wanting.  The  pelvic 
girdle  is  very  rudimentary  and  is  represented  solely  by  a  pair 
of  somewhat  flattened,  rod-like  bones  (pi.  xlii,  tig.  14)  attached 
by  ligaments  to  the  extremities  of  the  transverse  processes  of  the 
second  sacral  vertebra  and  extending  medially  and  anteriorly  iu 
front  of  the  cloacal  aperture.  The  anterior  ends  of  the  pelvic 
rods  are  not  constant  in  the  degree  to  which  they  approach  each 
other,  but  they  never  come  in  contact.  Each  presents  a  slight  trian- 
gular process  on  its  ventral  and  inner  side  about  one  third  the  dis- 
tance from  the  anterior  to  the  posterior  end.  Baur  states  that  he 
found  in  a  macerated  skeleton  that  the  girdle  was  differentiated  into 
an  ilium,  ischium,  and  pubis,  but  in  a  careful  study  of  the  adult  and 
in  sections  of  late  embryos  I  have  been  able  to  find  but  a  single  bone 
and  have  seen  no  indication  whatever  of  more  than  one  center  of 
ossification.  Baur  also  found  an  obturator  foramen,  which  does  not 
appear  in  my  preparations.  Serial  sections  of  the  embryos  and 
adults  showed  a  simple  cylindrical  rod  of  cartilage  with  rounded 
ends  situated  in  the  middle  line  ventral  to  the  bladder  and  anterior 
to  the  pelvic  bones.     It  probably  represents  the  epipubis. 


IIL — Urogenital  Organs. 
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PI.  XLin,   figs.  25,  26 ;  PI.  xliv,  figs.  27-82 ;  PI.  xlv,  figs.  83-87 ;  PI.  XLVI, 

figs.  :38-48;  Text-figs.  14,  15. 

The  material  on  which  these  studies  were  made  was  collected  at 
Pacific  Grove,  California,  during  the  montlis  of  August  and  Septem- 
ber, 1901.  At  this  time  of  the  year  the  female  lizards  give  birth  to 
their  young.  Some  of  the  females  collected  had  already  discharged 
their  young  while  others  still  carried  embryos,  all  of  which  were  in 
an  advanced  stage  of  development.     Some  of  the  embryos,  however, 
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represented  a  much  later  period  of  embryonic  life  than  did  others, 
so  that  we  have  been  able  to  follow  the  later  development  of  the 
copulatory  and  other  reproductive  organs  through  their  final  stages 
of  development  and  to  compare  them  with  the  similar  organs  of  the 
ne^ly-born  young  and  with  those  of  the  adult.  We  are  therefore 
unable  to  give  any  account  of  the  earlier  stages  of  development 
either  of  the  reproductive  organs  or  of  any  of  the  organs  of  the 
body. 

The  most  striking  feature  of  the  well-advanced  embryos  is  the 
possession  of  a  pair  of  very  conspicuous  copulatory  organs,  which 
project  from  the  sides  of  the  cloacal  opening  and  strongly  resemble 
a  pair  of  limbs.  When  most  prominent  these  appendages  project 
from  the  ventral  side  of  the  body  for  a  distance  fully  one  third  as 
great  as  the  diameter  of  the  body  itself  in  the  same  region.  They 
are  then  gradually  withdrawn  into  the  cloacal  aperture,  and  at  the 
time  of  birth  are  fully  concealed  beneath  the  lips  of  this  opening. 
Such  appendages  occurred  in  all  embryos  of  a  certain  stage  of 
development,  and  were  apparently  as  conspicuous  in  females  as  in 
males. 

'  It  was  to  study  the  structure  and  subsequent  fate  of  these  organs 
in  both  sexes  that  our  studies  were  undertaken.  This  led  naturaUy 
to  an  examination  of  the  other  reproductive  organs  of  the  adult 
animals,  and  in  this  connection  a  number  of  interesting  peculiarities 
in  which  these  lizards  differ  from  others  have  been  revealed.  Some 
of  these  peculiarities  are  briefly  described  in  two  preliminary  papers 
already  published  (Coe  and  Kunkel,  :  04  and  :  05),  but  are  here 
given  in  greater  detail. 

In  the  following  account  of  the  urogenital  organs,  including  the 
peculiar  structure  of  the  two  cloacal  chambers  and  the  copulatory 
organs,  most  of  the  details  of  structure  will  be  omitted  except  where 
peculiarities  are  described  which  are  different  from  those  of  the 
closely  related  European  limbless  lizard,  Attf/iifs,  and  other  lizards. 
For  a  general  treatise  on  the  anatomy  of  Anguis  the  reader  is 
referred  to  the  admirable  accounts  given  by  Leydig  ('72)  and  Braun 
('17). 

Testes  and  Sperm  Ducts, 

As  is  the  rule  in  the  lizards  and  many  other  reptiles,  the  right 
genital  gland  is  situated  more  anteriorly  than  the  left,  so  that  the 
right  genital  duct  is  the  longer.  In  AnnieUa  the  right  testis  is 
usually  about  its  own  length  in  advance  of  the  left  (pi.  xlvi,  fig.  38). 
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These  glands  are  in  life  creamy  white  in  color  and  are  situated  at 
an  average  distance  of  about  S^"^  anterior  to  the  cloacal  aperture  in 
the  adult  lizards.  Each  gland  is  oval  in  shape,  of  regular  outline, 
about  5°"  in  length  when  mature  and  about  half  as  wide.  The 
tubules  of  which  it  is  composed  are  loosely  coiled,  and  can  be  seen 
with  a  hand  lens,  the  connective  tissue  tunic  being  much  less  firm 
than  in  many  lizards. 

At  the  anterior  end  of  the  testis  the  tubules  enter  a  very  fine,  much 
convoluted  duct,  forming  the  epididymis,  which  passes  forward  as 
far  as  the  adrenal  body,  and  then  bends  abruptly  backward,  passing 
along  the  lateral  face  of  the  testis  to  join  the  vas  deferens. 

The  vas  dpferens  is  likewise  much  convoluted.  It  receives  the 
epididymis  on  the  lateral  border  of  the  testis,  and,  with  many  con- 
volutions in  its  anterior  half,  passes  back  to  open  at  the  summit  of  a 
longitudinal  ridge  or  papilla  situated  on  the  dorsal  wall  of  the  dorsal 
cloacal  chamber  (pi.  xlv,  fig.  35,  v,d)  a  little  in  advance  of  the  open- 
ing of  the  ureter,  as  will  be  described  below.  The  opening  of 
the  vas  deferens  into  the  cloaca  is  guarded  by  a  strong  sphincter  of 
circular  muscular  fibers  (pi.  xlv,  fig.  35),  the  contraction  of  which 
also  raises  the  posterior  end  of  the  ridge  on  which  the  opening  is 
situated  into  a  prominent  papilla.  This  papilla  is  doubtless  greatly 
(enlarged  at  the  time  of  copulation. 

I     The  epididymis  is  lined  with  a  single  layer  of  flattened  or  cuboid al 
icells,  while  the  vas  deferens  has  a  lining  of  a  single  layer  of  colum- 
nar cells,  and  these  increase  in  height  toward  the  posterior  end  of 
the  duct. 

Ovaries  and  Oviducts, 

As  is  the  case  with  Anguis  and  numerous  other  lizards,  Anniella  is 
ovoviviparous,  usually  giving  birth  to  two  well  formed  young  at  each 
breeding  season.  These  young  are  very  vigorous  and  active  from 
the  moment  of  their  birth.  Externally  they  resemble  the  adults  in 
almost  every  particular  except  as  to  size  and  in  some  cases  color,  for 
all  the  young  appear  to  be  of  the  gray  or  silvery  variety,  while  the 
adults  exhibit  two  well  marked  color  varieties  as  described  on  the 
preceding  pages. 

The  genital  glands  of  the  female  are  situated  in  a  position  similar 
to  those  of  the  male,  but  are  considerably  larger.  Their  size  natur- 
ally varies  directly  with  the  increase  in  size  of  the  ova  as  the  time 
approaches  for  the  discharge  of  the  eggs  into  the  oviducts.  As  a 
rule  the  right  ovary  is  slightly  larger  than  the  left,  although  in  all 
probability  both  produce  an  equal  number  of  eggs. 
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Since  only  one  e^g  is  usually  matured  in  each  ovary  at  each  breed- 
ing season,  as  a  rule  one  ovum  in  each  ovary  is  distinctly  larger  than 
the  others.  The  ovary  is  irregular  in  shape,  conforming  to  the 
uneven  arrangement  of  the  larger  and  smaller  ova,  so  that  this  gland 
is  naturally  smallest  immediately  after  the  discharge  of  its  one  large 
ovum.  We  are  unable  to  state  the  time  of  year  when  such  discharge 
takes  place  or  the  actual  size  or  appearance  of  the  e^g  on  reaching 
the  oviduct.  As  will  be  described  below,  the  left  oviduct  is  aborted 
and  functionless  in  all  of  the  individuals  which  we  have  examined, 
so  that  both  the  eggs  discharged  from  the  ovaries  must  enter  the 
right  oviduct. 

Mici*oscopic  sections  of  the  ovary  indicate  that  the  ova  develop 
in  a  manner  quite  similar  to  that  described  for  Lacerta  by  Hoffmann 
('89).  The  conspicuous  zona  radiata  of  the  partly  developed  ovum 
is  surrounded  by  a  single  layer  of  smaller  cells,  each  of  which  is 
very  similar  to  the  egg  itself.  Among  these  smaller  follicular  cells, 
as  well  as  on  their  internal  and  external  faces,  are  minute  nuclei  of 
cells  which  form  a  sort  of  capsule  for  the  follicular  cells.  As  the 
ovum  increases  in  size  and  acquires  more  yolk,  the  follicular  cells, 
which  were  previously  so  very  similar  to  the  ovum  itself,  become 
gradually  smaller  and  more  numerous.  Their  function  is  evidently 
to  elaborate  food  materials  which  pass  through  the  zona  radiata  to 
the  ovum.  The  presence  of  a  capsule  about  the  follicular  cells  indi- 
cates that  they  are  merely  degenerate  ova  which  contribute  their 
food  materials  to  the  support  of  the  single  ovum  which  reaches 
maturity. 

Oviducts. — The  most  striking  peculiarity  of  the  oviducts  is  the  fact 
that  the  right  oviduct  only  is  capable  of  receiving  the  eggs  discharged 
from  the  ovaries,  and  it  is,  therefore,  in  the  right  alone  that  the 
embryos  develop.  In  every  one  of  the  numerous  females  examined 
the  left  oviduct  was  much  aborted,  seldom  exceeding  a  few  milli- 
meters in  length  (pi.  xliii,  figs.  25,  26)  and  entirely  incapable  of  per- 
forming its  normal  functions. 

The  right  oviduct  is  very  similar  to  one  of  the  oviducts  of  Anguis 
and  other  lizards.  When  without  eggs  it  is  a  long  slender  tube, 
exhibiting  numerous  convolutions  in  its  anterior  half,  and  extending 
forward  anterior  to  the  ovary.  Its  anterior  end  usually  lies  near  the 
posterior  end  of  the  liver,  and  opens  into  the  body  cavity  by  a  large, 
funnel-shaped  opening  (pi.  xliii,  figs.  25,  26,  o)  as  in  other  lizards. 
This  terminal  ostium  is  supported  by  strong  mesenteries,  forming  the 
broad  ligament,  and  commonly  lies  several  times  its  own  length  in 
front  of  the  ovary. 
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The  ostium  leads  into  a  narrow,  mach  convoluted  tube  which 
passes  backward  on  the  lateral  face  of  the  ovary.  If  there  are  no  eggs 
or  embryos  in  the  oviduct  this  tube  retains  an  almost  uniform  diameter 
throughout  its  whole  length.  It  opens  posteriorly  at  the  summit  of 
a  small  papilla  (pi.  xly,  fig.  34,  //./>)  situated  on  the  ventral  wall  of 
the  dorsal  cloacal  chamber,  as  described  below.  When  eggs  or 
embryos  are  present,  however,  the  oviduct  swells  out  to  form  a  broad 
uterine  sac  in  the  region  occupied  by  them. 

The  exact  shape  and  size  of  the  egg  in  life  has  not  been  carefully 
noted,  the  drawing  on  plate  xliii  having  been  made  from  a  specimen 
after  preservation.  In  this  specimen  (fig.  26),  and  in  several  others 
similar,  the  two  eggs  occupied  almost  the  whole  length  of  the  uterus 
between  the  ovary  and  the  anterior  end  of  the  kidney.  The  eggs 
were  separated  from  each  other  by  a  marked  constriction  in  the  uter- 
ine wall,  and  the  wall  was  similarly  sharply  constricted  both  in  front 
of  the  eggs  and  behind  them.  £ach  of  these  eggs  was  long  and 
elliptical,  but  was  decidedly  narrower  in  the  middle  than  toward  the 
ends. 

Left  oviduct — As  stated  above,  the  left  oviduct  remains  through 
life  in  a  very  rudimentary  condition  and  even  atrophies  to  such  an 
extent  that  it  reaches  in  adult  females  a  length  scarcely  exceeding 
that  of  the  kidney,  as  shown  in  figs.  25,  26,  pi.  xliii.  The  average 
length  is  about  20™%  but  varies  widely  in  different  individuals  even 
when  sexually  mature.  In  a  single  specimen  the  length  was  40*°™, 
and  in  another  equally  large  specimen  it  was  but  1 5°™.  These  were 
the  limits  of  variation,  but  these  extremes  are  much  greater  than  is 
the  case  of  any  other  organ.  This  condition  would  indicate  a  very 
recent  degeneration  of  this  functionless  oviduct. 

A  consideration  of  the  condition  of  the  oviducts  in  Angnis  and 
other  reptiles  further  emphasizes  the  fact  that  we  have  in  this  organ 
in  Annlella  a  much  more  advanced  stage  of  degeneration  than  occurs 
in  any  other  reptile,  while  the  degeneration  is  along  the  same  lines  as 
in  the  large  number  of  reptiles  in  which  the  left  oviduct  presents 
various  degrees  of  diminution  in  size  as  compared  with  the  right. 
Lacerta  and  most  other  lizards  have  the  left  oviduct  more  or  less 
conspicuously  shorter  and  smaller  than  the  right,  corresponding  with 
the  different  position  of  the  two  ovaries. 

This  aborted  oviduct  is  slender  and  cylindrical,  and  is  of  about  the 
same  diameter  throughout.  At  its  anterior  end,  however,  it  usually 
bends  on  itself  sharply  and  either  ends  abruptly  (pi.  xliii,  fig.  25)  or 
extends  for  a  millimeter  or  two  farther  as  a  very  narrow  tube  with 
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one  or  two  sharp  tarns  (pi.  xliii,  fig.  26).  It  is  supported  anteriorly 
by  a  delicate  mesentery  which  runs  forward  toward  the  ovary  in  the 
position  which  the  oviduct  would  occupy  if  it  were  fully  developed. 

We  found  it  difficult  to  determine  whether  this  aborted  oviduct  in 
all  cases  opens  into  the  body  cavity.  In  the  case  noted  above,  where 
it  was  exceptionally  long,  such  an  opening  could  be  distinctly  made 
out.  Several  shorter  oviducts,  however,  were  so  small  and  delicate 
at  their  anterior  terminations  that  serial  sections  failed  to  show 
clearly  whether  a  minute  ostium  was  present  or  not. 

It  should  be  emphasized,  however,  that  this  left  oviduct  corre- 
sponds closely  in  shape,  position  and  general  appearance  with  that 
terminal  portion  of  the  right  oviduct  which  lies  posterior  to  the 
uterus.  Its  histological  structure,  too,  is  practically  the  same,  for  it 
is  provided  with  an  abundance  of  compound  tubular  glands  (pi.  xlv, 
fig.  37).  These  glands  extend  through  about  two  thirds  of  the 
thickness  of  the  wall  of  the  oviduct,  and  discharge  their  secretions 
into  its  lumen  by  means  of  rather  large  ducts.  The  epithelial  lining 
of  the  oviduct  consists  of  medium-sized  columnar  cells,  which  become 
more  or  less  cuboidal  in  the  glands  themselves.  In  the  posterior 
poilions  of  the  oviduct  the  glands  increase  so  greatly  in  number  and 
complexity  as  to  form  an  almost  continuous  layer  beneath  the  epithe- 
lium of  the  lumen.  Toward  the  posterior  openings  of  the  oviducts, 
however,  the  glands  disappear,  the  lumen  becomes  much  smaller, 
and  a  distinct  layer  of  circular  muscles  is  formed  outside  the  epithe- 
lium of  the  lumen. 

The  aborted  oviduct  thus  appears  to  have  retained  in  some  measure 
its  secretory  function,  even  though  it  is  of  little  importance  in  the 
economy  of  the  body.  Like  many  structures  which  show  evidence 
of  recent  degeneration,  this  rudimentary  organ  exhibits  a  very*  con- 
siderable variation  in  length  and  size  in  diflFerent  individuals.  While 
its  average  length  is  about  equal  to  that  of  one  of  the  kidneys,  yet 
in  several  instances  it  has  been  found  to  be  much  shorter,  and  in  the 
single  case  referred  to  above  it  was  considerably  longer  than  usual, 
and  had  a  distinct  anterior  ostium.  It  is  conceivable  that  in  an 
exceptional  case  it  might  actually  remain  of  sufficient  size  to  receive 
and  support  an  egg. 

The  openings  of  both  oviducts  are  side  by  side  on  the  summit  of  a 
pair  of  closely  united  papillaB  situated  in  the  median  line  of  the  body 
on  the  dorsal  side  of  the  thick  horizontal  partition  separating  the 
dorsal  from  the  ventral  cloacal  chambers  (pi.  xlv,  fig.   34  and  pi. 
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XLVj,  fig.  40).  These  will  be  described  in  detail  below.  In  the 
papilla  itself  the  lumen  of  the  oviduct  is  much  reduced  in  size. 

It  should  be  noted  that  in  the  closely  allied  Anguis  both  oviducts 
are  well  developed,  and  both  bear  an  approximately  equal  number 
of  embryos,  some  15  to  20  young  being  produced  in  a  single  season 
(Leydig,  '72,  p.  180).  In  Amphisbaena  both  oviducts  are  likewise 
of  about  the  same  size  (Bedriaga,  '84,  p.  67),  as  is  also  the  case  in 
Anops  2kTkd  Trogonophis  (Smalian,  '85,  p.  191). 

It  is  to  be  remembered  that  it  is  the  left  oviduct  which  is  aborted 
in  Anniella,  while  in  birds  it  is  the  right  which  has  degenerated  even 
more  completely.  In  numerous  reptiles  the  left  oviduct  is  shorter 
than  the  right,  but  so  far  as  we  can  learn  retains  its  normal  functions 
in  all  lizards  except  Anniella. 

Cloaca, 

The  cloaca  in  Anniella  is  made  up  of  three  more  or  less  well 
demarcated  chambers,  of  which  two  constitute  the  anterior  portion 
of  the  cloaca  and  the  third  the  posterior  portion.  The  two  anterior 
chambers  are  separated  by  a  thick  horizontal  partition  (pi.  xlv,  fig. 
35,  A),  so  that  one  of  them  lies  directly  dorsal  to  the  other.  We 
shall  therefore  refer  to  these  three  chambers  as  ventral,  dorsal,  and 
posterior  (y.c,  d.Cy  and  /?.c,  pi.  xlvi,  fig.  40). 

The  ventral  cloacal  chamber  (pi.  xlv,  fig.  35,  vx)  is  a  narrow  tube 
with  rather  thick  muscular  walls.  Its  mucosa  is  thrown  up  into 
high  longitudinal  ridges  so  that  the  lumen  of  the  tube  is  compara- 
tively small.  It  leads  from  the  opening  of  the  large  intestine, 
described  in  a  preceding  chapter,  to  the  posterior  cloacal  chamber. 
The  urinary  bladder  enters  this  chamber  by  a  narrow  opening  in  its 
ventral  wall  near  its  anterior  end  (pi.  xlvi,  fig.  40,  bl).  The  colum- 
nar epithelium  lining  this  tube  is  not  very  different  from  that  of  the 
large  intestine. 

The  dorsal  cloacal  chamber  is  a  rather  large  space  lying  directly 
dorsal  to  the  thick  horizontal  partition  which  separates  it  from  the 
ventral  chamber.  On  the  walls  of  this  cavity  the  openings  of  the 
ureters,  Wolfiian,  and  genital  ducts  are  situated. 

In  the  male,  as  described  above,  the  sperm  ducts  open  on  the 
summit  of  a  pair  of  longitudinal  ridges  (pi.  xlv,  fig.  35,  r.c?),  situated  / 

on  the  dorsal  surface  of  the  chamber.  The  ureters  open  directly 
posterior  to  them. 


/■ 


•^ 
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In  the  female  the  conditions  are  somewhat  more  complex,  for  the 
oviducts  have  their  openings  close  together  on  the  summit  of  a  pair 
of  closelj'  united  papillse  which  are  situated  on  the  dorsal  wall  of  the 
horizontal  partition  and  thus  on  the  ventral  wall  of  the  dorsal  cloacal 
chamber  (pi.  xlv,  fig.  34).  In  some  individuals  the  papillae  extend 
backward  and  project  slightly  beyond  the  posterior  end  of  the  parti- 
tion, so  that  their  tips  are  visible  when  the  posterior  chamber  is 
opened.  In  most  cases,  however,  such  is  not  the  case,  the  tips  of 
the  papillae  being  hidden  from  view  by  the  horizontal  partition. 
Although  in  ordinary  cases  a  pair  of  such  papillae  is  present,  yet  the 
state  of  contraction  of  the  parts  may  be  such  that  both  oviducts  lie 
very  close  together  and  apparently  form  but  a  single  papilla.  £acb 
of  the  oviducts  is  surrounded  by  a  firm  layer  of  circular  muscular 
fibers,  which  are  nearly  as  well  developed  in  the  left  as  in  the  right 
oviduct,  although  the  lumen  of  the  left  is  usually  smaller  than  that 
of  the  right. 

The  ureters,  on  the  other  hand,  open  on  the  dorso -lateral  aspect  of 
the  dorsal  chamber  very  much  as  in  the  male.  Their  openings  are 
thus  widely  separated  from  those  of  the  oviducts,  although  both  lie 
in  a  frontal  plane  passing  through  the  posterior  extremity  of  the 
horizontal  partition  (pi.  xlv,  fig.  34,  w).  Thus  the  openings  of  the 
ureters  really  lie  on  the  boundary  bet^veen  the  dorsal  and  pos- 
terior chambers. 

The  posterior  cloacal  chamber  is  about  as  wide  and  as  deep  as  it 
is  long;  its  walls  are  very  distensible  and  are.  commonly  thrown  up 
into  fairly  distinct  longitudinal  folds.  Its  epithelial  lining  is  com- 
posed mainly  of  large,  clear  mucous  cells,  the  nuclei  of  which  are 
situated  in  the  bases  of  the  cells  and  appear  to  be  irregularly 
arranged  in  two  or  more  layers.  The  opening  of  this  chamber  to 
the  exterior  is  guarded  b}'  strong  circular  muscles,  and  when  con- 
tracted its  epithelial  lining  shows  conspicuous  longitudinal  folds 
(pi.  XLVi,  figs.  40-43). 

The  general  relations  of  the  cloacal  chambers  and  the  ducts  open- 
ing therein  are  shown  in  text-figures  14  and  15  for  both  embryo  and 
adult  female.  In  the  ideal  sagittal  section  of  the  cloaca  of  the  late 
embryo  (text-fig.  14),  the  ureter  (u)  and  the  Wolffian  duct  (  W.d) 
both  open  directly  into  the  dorsal  cloacal  chamber  {d.c)  somewhat 
laterally,  while  the  oviduct  (od)  is  indicated  by  dotted  lines  as  it 
opens  on  the  dorsal  side  of  the  thick  horizontal  partition  {h)  very 
near  the  mediaa  line  of  the  body.  The  ventral  cloacal  chamber  (o.c) 
is  very  broad  and  directly  continuous  with  the  narrow  rectum  (r). 
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In  the  adult  female  (text-fig.  15)  the  horizontal  partition  separating 
the  dorsal  from  the  ventral  chamber  forma  a  broad  shelf  and  the 
oviduct  (od)  opens  near  its  free  posterior  margin,  instead  of  at  it« 
base  as  in  the  embryo. 


Figure  14.— Ideal  sagittal  section  of  cloaca  of  female  embrjo;  61,  bladder; 
e.g,  cloacsl  gland  ;  d.e,  dorul  obnmber ;  h,  borizontal  partition  between  oloacal 
ehamben ;  k,  kidne;  ;  od,  oridDCt ;  p.c,  posterior  obninber ;  r,  rectnm ;  u,  ure- 
ter; u',  diTerticolamof  nreter;  «,f,  ventral  chamber;  W-d,  Wolffian  duct.    xH. 

r- 
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Figure  15. — Ideal  eagittal  section  of  cloaca  of  adnlt  female.     Beference  letter* 
ae  In  preceding  Dgare.      x7. 

The  copnlatory  organs  in  both  sexes  are  situated  in  the  posterior 
wall  of  the  posterior  cloacal  chamber,  as  described  below,  and  well- 
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developed  anal  glands  pour  their  secretions  into  it  near  its  external 
opening. 

Kidneys, 

The  kidneys  are  elongated  oval  bodies^  about  9  to  12""  in  length, 
and  3  to  4°"  in  width.  They  are  much  flattened  dorso-ventrally 
and  slightly  concave  ventrally  and  convex  dorsally  to  correspond 
with  the  curvature  of  the  body  wall  against  which  they  lie.  They 
are  situated  dorsal  to  the  rectum,  which  they  approximately  equal 
in  length.  They  also  lie  somewhat  obliquely  in  the  body,  their  pos- 
terior ends  coming  nearly  in  contact  in  the  median  line,  while  their 
anterior  ends  are  somewhat  more  widely  separated. 

The  posterior  end  of  each  kidney  (pi.  xliii,  figs.  25,  26,  k)  lies 
very  near  the  dorsal  wall  of  the  cloaca,  so  that  the  ureter,  which 
passes  along  the  whole  length  of  the  median  face  of  the  kidney,  is 
a  very  short  tube. 

Ureters, 

From  the  iuedian  faces  of  the  kidneys  the  ureters  pass  directly  to 
the  dorsal  cloacal  chamber,  where  they  open  slightly  posterior  to  the 
openings  of  the  genital  ducts.  In  the  male  the  sperm  ducts  open  on 
the  dorsal  wall  of  the  cloacal  chamber,  so  that  the  openings  of  the 
ureters  lie  directly  posterior  to  those  of  the  sperm  ducts;  whereas  in 
the  female  the  oviducts  open  on  the  ventral  wall  of  the  dorsal  cham- 
ber, so  that  these  two  sets  of  openings  are  separated  by  the  dorso- 
ventral  diameter  of  this  chamber. 

Immediately  before  opening  into  the  cloaca,  each  ureter  has  a 
small  diverticulum  (pi.  xlv,  fig.  35,  u)  which  passes  anteriorly  paral- 
lel to  the  uterer  and  close  beside  it  for  a  short  distance,  and  ends 
blindly  (text- figs.  14,  15). 

The  openings  of  the  ureters  are  near  the  lateral  borders  of  the  dor- 
sal wall  of  the  cloaca,  and  well  separated  from  the  median  line.  The 
oviducts,  on  the  other  hand,  open  close  together  near  the  median  line, 
as  described  above.  Osawa  ('98)  describes  a  similar  relation  in 
Hatteria,  Leydig  ('72),  however,  has  the  relative  position  of  the 
openings  of  oviducts  and  ureters  in  Anguis  the  reverse  of  that 
found  in  Anniella, 

The  position  of  the  openings  of  the  ureters  relative  to  those  of 
the  genital  ducts  is  considerably  different  in  the  two  sexes.  In  the 
ma4e  these  openings  are  situated  on  the  summits  of  the  urogenital 
papillae  immediately  posterior  to  those  of  the  genital  ducts  (pi.  xlv, 
figs.  35,  36),  while  in  the  female  they  retain  a  similar  position  as 
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regards  the  cloacal  chambers  but  are  separated  from  the  openings  of 
the  oviducts,  as  described  above,  by  the  lumen  of  the  dorsal  cloacal 
chamber  (fig.  34).  The  openings  differ  further  in  the  two  sexes  in 
that  those  of  the  male  open  on  papillne,  the  urogenital  papillae,  while 
those  of  the  female  do  not. 

Urinary  Bladder, 

This  organ  lies  on  the  ventral  side  of  the  rectum  and  although 
its  opening  into  the  anterior  end  of  the  ventral  cloacal  chamber  is  in 
the  median  line,  yet  its  main  portion  usually  lies  on  the  right  side  of 
the  rectum  (pi.  xliii,  figs.  25,  26;  pi.  xlvi,  fig.  38).  In  but  a  single 
individual  out  of  upward  of  twenty  which  were  examined  was  the 
bladder  situated  on  the  left  side  of  the  rectum,  and  in  no  case  did  it 
lie  in  the  median  line. 

Its  walls  are  thin,  and  were  collapsed  in  every  individual  examined. 
In  no  case  did  the  bladder  contain  any  appreciable  amount  of  fluid. 

In  length  it  is  usually  somewhat  less  than  that  of  the  rectum  and 
its  diameter  about  one  fourth  as  great  as  that  of  the  rectum,  so  that 
in  shape  it  is  a  rather  slender  cylinder  slightly  larger  at  the  rounded 
blind  anterior  end  than  elsewhere. 

Wolffian  Duct8. 

The  Wolflian  body  is  highly  developed  in  the  half-grown  embryos 
and  the  Wolffian  duct  becomes  of  considerable  size.  This  duct,  as 
is  well  known,  later  forms  the  genital  duct  of  the  adult  male,  while 
in  the  female  of  most  animals  it  degenerates  and  disappears.  In 
Anniella,  however,  as  in  certain  other  lizards,  it  persists  throughout 
life  in  females  as  well  as  in  males,  although  in  the  former  it  is 
apparently  quite  function  less. 

In  the  adult  female  this  tube  follows  closely  the  course  of  the 
ureter,  but  is  situated  a  little  more  ventrally  and  nearer  the  median 
line  (pi.  xLv,  ^g,  34  W.d).  It  is  lined  with  a  low  columnar  epithe- 
lium. Its  lumen  is  narrow  and  completely  filled  with  a  clear  homo- 
geneous secretion  which  tal:es  the  ordinary  plasma  stains  with  avidity. 
The  orifices  by  which  these  Wolffian  ducts  open  into  the  cloaca  are 
very  inconspicuous,  and  can  be  distinguished  only  by  means  of  serial 
sections.  Even  with  these  it  is  difficult  to  determine  that  actual 
openings  are  present,  for  the  lumen  of  the  tube  becomes  obliterated 
near  its  opening  into  the  cloaca. 

These  openings  in  the  adult  female  (pi.  xlv,  fig.  34)  lie  closely 
anterior  to  the  openings  of  the  ureters  into  the  cloaca.  Thus  in 
cross  sections  of  the  body  of  the  female  in  the  region  between  the 
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kidney  and  the  openings  of  the  areters  into  the  cloaca,  three 
pairs  of  tubes  are  to  be  observed  (pi.  xlv,  figs.  33,  34);  situated 
most  dorsally  and  most  widely  separated  are  the  ureters,  lined  with 
rather  tall  columnar  epithelium;  rather  close  to  these  but  ventral  and 
nearer  the  middle  line  appear  the  very  small  Wolffian  ducts,  and 
very  close  to  the  middle  line  and  considerably  ventral  are  the  two 
oviducts  with  the  large  racemose  glands  opening  into  their  lumens. 
The  relations  of  the  ducts  opening  into  the  cloaca  in  the  late  embryo 
atid  the  corresponding  relations  in  the  adult  are  shown  in  text- 
figures  14  and  15. 

Cloacal  Glands, 

Conspicuous  racemose  glands  are  situated  in  a  crescent-shaped 
mass  on  the  ventral  and  lateral  faces  of  the  posterior  cloacal  chamber 
immediately  anterior  to  the  cloacal  aperture,  and  extend  dorsally 
and  posteriorly  as  a  pair  of  narrow  horns  which  form  a  nearly  com- 
plete ring  about  the  posterior  cloacal  chamber  (pi.  xliv,  figs.  27,  28). 

They  are  conspicuous  in  both  sexes,  but  appear  to  be  much  more 
highly  developed  in  mature  males  than  in  females  or  in  young  of 
either  sex. 

They  consist  of  two  more  or  less  distinct  varieties  of  glands,  of 
which  one  type  apparently  secretes  a  serous  fluid  and  the  other  a 
distinctly  mucous  fluid. 

The  serous  glands  consist  of  a  single  pair  of  oval  masses  of 
racemose  acini  situated  immediately  dorsal  to  the  spiral  groove 
which  passes  along  the  border  of  the  phallus  and  discharge  their 
secretions  by  a  pair  of  short  ducts  opening  at  the  bases  of  the  phalli. 

The  mucous  glands  are  much  more  extensive  and  are  situated  on 
the  ventral  side  of  the  grooves  leading  to  the  phalli  and  on  the 
ventral  side  of  the  posterior  cloacal  chamber.  They  are  likewise  of 
a  racemose  form  and  open  by  several  ducts  through  the  ventral  wall 
of  the  cloaca  in  close  relationship  with  the  phallus  grooves.  The 
glands  continije  much  farther  anteriorly  than  those  of  the  serous 
type,  extending  forward  as  far  as  the  openings  of  the  sperm  ducts 
and  ureters.  In  their  posterior  portions  the  mucous  glands  are 
situated  laterally  to  the  cloaca,  but  more  anteriorly  those  of  the 
two  sides  approach  beneath  the  cloaca  and  eventually  unite  into  a 
single  mass  beneath  this  chamber.  This  median  mass  constitutes 
the  body  of  the  crescentic  mass  referred  to  above,  while  the  paired 
posterior  portions  make  up  the  horns  of  the  crescent. 

From  their  high  state  of  development  it  is  obvious  that  these 
cloacal  glands  must  play  an  important  part  in  the  economy  of  the 
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body.  Their  function  is  doubtless  in  large  measure  connected  with 
the  reproductive  processes.  At  the  time  of  copulation  the  secretion 
of  a  great  amount  of  serous  and  mucous  fluids  at  the  base  of  the 
phalli  and  into  the  cloaca  in  the  male  doubtless  facilitates  the  trans- 
ference of  the  spermatozoa  to  the  cloaca  of  the  female.  A  further 
discbarge  of  fluids  on  the  part  of  the  female  might  conceivably  aid 
the  spermatozoa  in  reaching  the  anterior  cloacal  chamber,  from 
whence  they  enter  the  right  oviduct  to  fertilize  the  two  eggs  which 
may  be  discharged  therein. 

Copulatory  Organs. 

One  of  the  most  striking  features  of  all  embryos  at  a  well  advanced 
stage  of  development  is  the  presence  of  a  pair  of  conspicuous  projec- 
tions from  the  lateral  borders  of  the  cloacal  aperture.  When  well 
developed  they  have  an  appearance  strikingly  suggestive  of  a  pair 
of  rudimentary  hind  limbs.  These  projections,  however,  are  the 
copulatory  organs,  or  phalli,  as  they  are  termed  by  Gegenbaur, 
which  in  these  and  certain  other  lizards  develop  primarily  as  exter- 
nal appendages,  and  which  about  the  time  of  birth  are  withdrawn 
into  the  cloaca.  Until  near  the  time  of  birth  there  appears  to  be  no 
marked  distinctions  between  the  phalli  of  the  two  sexes.  After  birth 
those  of  the  male  increase  in  size  to  become  the  highly  specialized 
copulatory  organs  of  the  adult,  while  those  of  the  female  remain  in 
a  rudimentary  condition,  although  they  are  retained  throughout  life. 

When  withdrawn  into  the  cloaca  the  phallus  is  tubular,  with  a 
narrow  lumen,  and  extends  from  the  posterior-lateral  borders  of  the 
posterior  cloacal  chamber  backward  parallel  with  the  vertebral 
column,  as  in  other  lizards.  The  minute  structure  and  development 
of  the  phalli  have  been  described  by  Unterhossel  (:  02)  for  several 
snakes  and  lizards,  including  Anguis  fragilisy  which  latter  presents 
conditions  very  similar  to  those  found  in  Anniella: 

In  well-advanced  embryos  of  Anniella  the  two  phalli  project  from 
the  cloacal  aperture  for  a  distance  more  than  one  third  as  great  as 
the  diameter  of  the  body  in  the  same  region  (pi.  xliv,  figs.  30-32). 
They  appear  as  a  pair  of  stout  plugs  extending  from  the  lateral  bor- 
ders of  the  cloacal  aperture,  from  which  they  are  directed  ventrally 
and  laterally,  and  then  bend  anteriorly  (pi.  xliv,  figs.  27,  28). 

Each  phallus  bears  a  spiral  groove  along  its  posterior  and  outer 
borders  (pi.  xliv,  fig.  27,  g),  which  extends  to  the  somewhat  swollen 
distal  end  of  the  organ,  where  it  ends  between  two  glandular  pits. 
This  groove  is  very  narrow  and  deep,  and  passes  directly  from  the 
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lateral  borders  of  the  cloacal  opening.  Proximally  it  occupies  the 
median  and  posterior  borders  of  the  phallus,  but  ascends  spirally 
toward  the  summit,  making  a  turn  of  nearly  180°  (pi.  xliv,  fig.  32). 
A  cross  section  of  the  phallus  near  its  proximal  end  shows  that  the 
groove  is  not  radial  in  position  but  nearly  tangential,  cutting  into  the 
body  of  the  organ  very  obliquely.  The  bottom  of  the  groove  is  con- 
siderably broader  than  the  superficial  portion.  In  certain  reptiles 
the  groove  is  so  broad  at  its  bottom  as  to  become  T-shaped  or  even 
anchor-shaped  in  cross  section.  Toward  its  distal  end,  however,  the 
groove  becomes  shallower,  and  situated  more  nearly  radially  (pi. 
xnv,  fig.  29).  The  phallus  is  somewhat  swollen  distally,  and  is  ter- 
minated by  a  broad,  flattened  face,  across  which  the  spiral  groove 
continues  as  a  shallow  depression  (pi.  xliv,  ^gy  32).  This  depression 
divides  the  terminal  face  of  the  organ  into  two  practically  equivalent 
portions,  in  each  of  which  is  situated  a  conspicuous  pit-like  depres- 
sion of  somewhat  irregular  shape,  which  may  be  called  the  terminal 
pit  (pi.  XLIV,  figs.  29,  32,  t,p). 

These  terminal  pits  are  much  more  conspicuous  in  the  embryos 
than  in  the  retracted  phallus  of  the  adult  male,  so  that  we  do  not 
ascribe  to  them  any  very  important  function.  In  the  embryos  the 
pits  are  glandular  in  structure,  but  in  the  adult  they  are  lined  with 
stratified  epithelium  not  very  different  from  that  which  covers  the 
body  of  the  phallus.  Since  the  phalli  arise  as  outgrowths  from  the 
lateral  borders  of  the  cloacal  aperture,  they  are  covered  externally 
with  ectodermic  epithelium  continuous  with  that  of  the  outside  of 
the  body,  as  shown  in  pi.  xliv,  fig.  27.  The  ectoderm  of  the  phalli, 
however,  is  naturally  much  thinner  and  more  delicate  than  that  form- 
ing the  scaly  covering  of  the  body,  although  it  is  made  up  of  strati- 
fied scaly  epithelium.  The  deeper  cells  of  this  epithelium  form  a 
well  marked  Malpighian  layer,  while  the  superficial  scaly  cells  are 
reduced  to  one  or  two  layers. 

The  phallus  is  redrawn  into  its  position  posterior  to  the  cloaca  by 
means  of  two  retractor  muscles,  the  larger  of  which — the  retractor 
phalli  tnagnits — extends  quite  to  the  distal  end  of  the  organ,  where  it 
is  inserted  immediately  beneath  the  two  terminal  pits.  By  the  con- 
traction of  this  muscle  the  terminal  portion  of  the  phallus  is  redrawn 
into  the  more  proximal  by  a  process  of  invagination  similar  to  that 
of  the  invagination  of  the  finger  of  a  glove.  The  epithelium  which 
covers  the  phallus  in  its  everted  condition  thus  comes  to  occupy  the 
center  of  the  invaginated  or  retracted  organ,  and  forms  the  lining 
of  a  slender  tube  extending  throughout  its  length.  This  tube  extends 
far  behind  the  cloacal  aperture  and  lies  parallel  with  the  longitudinal 
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axis  of  the  body  and  directly  internal  to  the  superficial  or  ventral 
musculature  of  the  anterior  portion  of  the  tail.  The  posterior  end 
of  the  tube  is  divided  into  two  cup-like  terminal  sacs  (pi.  xlvi,  ^g, 
39,  t.p)y  representing  the  two  terminal  pits  of  the  everted  phallus. 
To  these  terminal  sacs  is  attached  directly  the  large  retractor  muscle. 
The  main  portion  of  the  central  tube  of  the  phallus  is  extremely 
irregular  in  outline,  due  in  part  to  the  presence  of  the  spiral  groove 
and  in  part  to  the  fact  that  the  invagination  takes  place  on  the  inter- 
nal and  median  borders  of  the  organ  to  a  much  greater  extent  than 
on  the  lateral  border. 

In  transverse  section  of  the  ^-etracted  phallus  the  spiral  groove 
appears  as  a  deep  slit  varying  greatly  in  outline  and  position  at 
different  points  throughout  its  length.  At  its  proximal  end  it  con- 
tinues directly  into  a  conspicuous  groove  which  passes  along  the 
latero-ventral  wall  of  the  posterior  cloacal  chamber,  and  thus,  when 
the  phallus  is  everted  in  the  act  of  copulation,  the  genital  fluid  is 
conveyed  from  the  cloaca  to  the  spiral  groove  of  the  phallus  and 
thence  to  the  cloaca  of  the  female. 

The  ectodermic  lining  of  the  retracted  adult  phallus  is,  as  stated 
above,  composed  of  stratified  scaly  epithelium  continuous  with  that 
of  the  outer  covering  of  the  body.  The  superficial  scaly  cells,  how- 
ever, are  reduced  to  one  or  two  inconspicuous  layers,  so  that  it  closely 
resembles  irregularly  stratified  columnar  epithelium.  The  scaly  cells 
are  sloughed  off  from  time  to  time  and  collect  in  masses  in  certain 
portions  of  the  lumen  of  the  retracted  phallus,  particularly  in  the 
two  terminal  sactr,  which  in  some  cases  are  completely  filled  with 
these  discarded  scaly  cells. 

The  tissues  of  the  phallus  both  in  the  retracted  and  in  the  everted 
condition  are  permeated  with  large,  irregular,  anastomosing  blood 
spaces,  forming  a  sort  of  erectile  tissue,  which,  when  distended  with 
blood,  causes  the  rigidity  of  the  organ  and  aidS  in  its  eversion. 

The  musculature  consists  of  the  retractor  phalli  magnus  described 
above  as  extending  from  well  back  in  the  tail  to  the  very  distal  end 
of  the  phallus,  where  it  divides  into  two  portions  w^hich  are  attached 
directly  beneath  the  two  terminal  sacs  or  glands  ;  and  of  a  short 
retractor  basalis  which  is  attached  to  the  lateral  border  of  the  basal 
portion  of  the  phallus.  These  muscles  are  similar  to  those  described 
by  Unterhossel  (:02)  for  several  reptiles.  A  third  muscle  of  small 
size — the  rectus  phalli—  connecls  the  basis  of  the  phallus  with  the 
neighboring  muscles  of  the  cloacal  aperture. 

From  its  everted  condition  it  is  easy  to  understand  the  manner  in 
which  the  retractor  muscles  cause  the  invagination  or  retraction  of 
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the  phallus,  but  the  mechanism  by  which  the  retracted  organ  is 
everted  is  much  less  readily  understood. 

Situated  immediately  lateral  to  the  phalli  are  very  strong  semi- 
circular muscles  (pi.  zlvi,  fig.  39,  cm)  arranged  in  a  single  band 
between  the  phalli  and  the  longitudinal  caudal  muscles  which  form 
an  irregular  layer  beneath  the  integument  of  the  tail.  As  suggested 
by  Unterhossel  (:02,  p.  5V8),  these  muscles  when  contracted  are 
capable  of  exerting  a  very  considerable  pressure  on  the  posterior 
portions  of  the  phalli  and  thereby  initiate  the  process  of  eversion  of 
the  organs. 

The  retractor  basalts  muscles  may  aid  to  some  extent  in  the  pro- 
cess of  eversion  as  well  as  in  drawing  back  the  organ  after  its  full 
extension. 

The  withdrawal  of  blood  from  the  sinuses  of  the  rigid,  everted 
organ  allows  it  to  return  to  a  comparatively  small  size,  after  which  the 
retractor  m^agnus  invaginates  the  organ  to  its  ultimate  position  pos- 
terior to  the  cloaca. 

Although  the  phalli  of  the  female  remain  in  a  rudimentary  condi- 
tion throughout  life,  they  are  in  this  sex  apparently  functionless  and 
quite  incapable  of  being  everted. 

At  the  time  of  copulation  the  phalli  are  doubtless  everted,  as  has 
been  witnessed  in  other  forms,  and  inserted  into  the  cloaca  of  the 
female.  The  spiral  groove  with  which  each  phallus  is  provided  then 
leads  directly  from  the  cloaca  of  one  animal  to  tliat  of  the  other. 
A  slight  elevation  of  the  urogenital  papilla,  on  which  the  opening  of 
the  sperm  duct  is  situated,  would  bring  this  opening  in  close  prox- 
imity to  the  base  of  the  spiral  groove.  An  abundant  discharge  of 
fluids  from  the  cloacal  glands  would  furnish  a  ready  vehicle  by  which 
the  spermatozoa  ejected  at  the  base  of  the  groove  might  pass  along 
the  length  of  this  canal  to  the  cloaca  of  the  female,  whence  the 
right  oviduct  is  the  uRimate  destination  of  such  as  are  to  fertilize 
the  two  eggs  which  will  develop  therein. 

IV.^Bbain  and  Pineal  Apparatus. 
B.  W.  Kunkel. 

PI.  XLi,  figs.  1-3 ;  PI.  XLVi,  figs.  44  and  45 ;  PL  xlvii,  figs.  46-51  ;  PI.  xlviii, 

figs.  52-54. 

The  brain  of  Amiiella^  like  that  of  the  reptiles  generally,  possesses 
well  developed  cerebral  hemispheres  and  a  comparatively  small  cere- 
bellum. The  brain  on  the  whole  is  rather  elongated  and  compressed 
laterallv. 
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The  olfactory  lobes  (pi.  xli,  figs.  1,  2,-  3,  olf)  are  of  regular 
ovoid  shape,  about  twice  as  long  as  broad.  The  olfactory  nerves 
come  off  from  the  anterior  end  in  a  ring  of  a  diameter  about  one 
half  that  of  the  lobes.  The  lobes  are  closely  applied  to  each  other 
in  the  middle  line  except  at  the  extreme  anterior  end,  where  they 
taper  more  abruptl3\ 

The  cerebral  hemispheres  {c,h)  are  very  large  and  very  much 
elongated.  These  are  also  ovoid  in  form  with  the  greatest  diameter 
at  the  posterior  end.  The  cerebral  hemispheres  are  differentiated 
from  the  olfactory  lobes  by  a  marked  constriction  which,  however, 
allows  of  a  rather  wide  connection  between  the  two. 

The  thalamencephalon  is  very  small  and  is  almost  completely  con- 
cealed by  the  neighboring  parts  of  the  brain.  The  pineal  body  is 
more  or  less  pear-shaped  and  lies  with  its  broad  end  directed  posteri- 
orly and  dorsally  between  the  posterior  ends  of  the  cerebral  hemi- 
spheres. A  mass  of  blood  vessels  forming  the  choroid  plexus  of  the 
third  ventricle  overlies  the  structure  and  is  enclosed  in  the  same 
mass  of  connective  tissue  with  the  epiphysis,  so  that  superficially 
only  a  single  structure  is  seen.  On  the  ventral  side  of  the  thalam- 
encephalon is  a  well  developed  infundibulum  {in)  with  the  pituitary 
body  attached  distally.  The  anterior  portion  of  the  infundibulum  is 
marked  by  four  or  five  longitudinal  folds  which  produce  a  corre- 
sponding number  of  scallops  on  the  anterior  end  between  two  rather 
prominent  ridges  with  rounded  anterior  ends,  from  which  the  optic 
nerves  proceed.  These  lateral  ridges  continue  into  the  ventral  sides 
of  the  optic  lobes.  The  infundibulum  is  of  a  regular  conical  form 
with  an  axis  somewhat  shorter  than  the  diameter  of  the  base.  The 
apex  of  the  cone  is  marked  by  a  slight  depression  with  a  longitudi- 
nal slit  at  the  bottom  of  the  cup  marking  the  attachment  of  the 
pituitary  body.    The  pituitary  body  is  not  represented  in  the  figures. 

The  optic  lobes  (o.l)  are  rather  small  and  placed  very  close 
together  in  the  middle  line,  the  two  forming  a  more  or  less  hemi- 
spherical mass.  From  the  exterior  their  paired  nature  is  only  slightly 
indicated.  Apparently  this  compression  is  due  to  the  great  develop- 
ment of  the  internal  ears,  which  lie  slightly  posterior  and  dorsal  to 
this  part  of  the  brain  and  approach  each  other  very  closely  on  the 
dorsal  side. 

The  cerebellum  (c,h)  is  very  small  and  has  the  form  of  a  transverse 
ridge  lying  posterior  to  the  optic  lobes,  somewhat  shorter  than  the 
diameter  of  this  portion  of  the  brain,  and  overhanging  the  anterior 
portion  of  the  fourth   ventricle.     The  medulla  (ind)  is  large  and  is 
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characterized  especially  by  its  strong  ventral  flexure  and  the  relative 
straightness  of  the  ventral  side  in  a  transverse  section. 

From  a  superficial  examination  of  the  brain  without  the  use  of 
sections,  the  anatomy  of  the  thalamencephalon  cannot  be  ascertained 
at  all  because  of  the  blood  vessels  and  the  large  amount  of  connective 
tissue  which  form  a  thick  sheath  about  the  organ  on  the  dorsal  side. 
A  large  blood  vessel  (pi.  xli,  fig.  1,  h.t))  is  often  found  leading  from 
beneath  the  anterior  end  of  the  pineal  body  to  the  region  of  the 
pineal  eye,  which  resembles  very  closely  the  pineal  stalk  or  nerve  as 
figured  by  Spencer  ('86)  in  several  instances.  Sections  have  proven 
beyond  a  doubt  that  in  the  late  embryos  and  adults  of  Anniella  this 
"stalk"  is  simply  a  blood  vessel.  In  other  specimens  in  which  this 
vessel  was  not  distended  with  blood  it  was  scarcely  noticeable. 

Thalamencephalon. 

Although  several  facts  of  more  or  less  interest  have  been  noted  in 
this  region  of  the  brain  of  Anniella^  which  have  not  been  described 
for  any  other  lizard,  the  pineal  body  is  very  similar  to  that  of  the 
closely  related  Anguis  which  has  been  carefully  described  by  Fran- 
cotte  ('96),  Beraneck  ('67),  and  others. 

Sagittal  sections  of  the  head  of  a  number  of  very  late  embryos 
from  45  to  70™'"  in  length  and  of  several  adult  individuals  have  fur- 
nished the  material  for  studying  with  some  degree  of  accuracy  the 
anatomy  of  this  part  of  the  brain.  The  thalamencephalon  is  very 
much  compressed  laterally  and  the  third  ventricle  is  a  rather  narrow 
cleft  extending  dorso-ventrally  between  the  optic  thalami.  The 
lateral  walls  of  this  region  are  in  the  form  of  a  pair  of  more  or  less 
ovoid  masses  of  nervous  tissue  with  their  long  axes  nearly  horizontal. 
These  two  masses,  the  ganglia  hahentdm^  or  optic  thalami,  form 
protuberances  dorsally  just  beneath  the  posterior  ends  of  the  cerebral 
hemispheres.  The  superior  and  posterior  commissures  in  the  embryos 
at  hand  are  placed  very  close  together,  being  separated  by  a  very 
inconspicuous  mass  of  cells  apparently  similar  to  the  ordinary  molec- 
ular cells  of  the  adjacent  parts  of  the  brain.  The  posterior  is  some- 
what the  thicker  of  the  two  and  is  situated  ventrally  and  posteriorly 
with  respect  to  the  other.  Both  lie  in  the  dorsal  and  })OSterior  part 
of  the  lateral  wall  of  tlie  thalamencephalon.  The  roof  of  the  third 
ventricle  is  non-nervous  in  nature  ;  a  single  layer  of  cells  similar 
in  general  appearance  to  the  ei)endyma  forms  an  irregular  much  sac- 
culated covering,  the  post  velar  arch  of  Minot  (:01),  or  the  "Zirbel- 
polster"    (pi.   xLVii,  1^g.  47,  e')  and   the  paraphysis  (/>y).     Both 
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of  these  lie  in  the  middle  line,  the  post  velar  arch  immediately 
behind  the  paraphysis,  and  separated  from  the  latter  by  only  the 
velum  transversum  (vJ),  These  evaginations  are  somewhat  con- 
stricted at  their  bases  but  become  slightly  wider  distally,  forming 
long  tubular  sacs.  The  velum  hangs  down  from  the  dorsal  wall  of 
the  ventricle  in  a  transverse  position  and  bears  a  commissure  {c.a) 
at  its  free  distal  end. 

The  exact  significance  of  this  commissure  has  not  yet  been  deter- 
mined. There  can  be  but  little  doubt  that  what  has  here  been 
termed  the  velum  ttansversum  is  actually  that  structure.  The  velum 
has  a  position  immediately  posterior  to  the  paraphysis  and  anterior 
to  the  post  velar  arch  throughout  the  Vertebrate  series,  v.  Kupffer 
('9d)  figures  a  sagittal  section  of  the  brain  of  a  four  weeks  embryo 
of  Acipejiser  which  shows  this  relation.  De  Graaf  ('86a)  does  the 
same  for  Triton,  In  the  lizards  this  structure  is  also  described  by 
Burckhardt  ('94)  in  an  embryo  La<ierta,  A  similar  structure  is 
shown  but  not  named  in  a  number  of  Baldwin  Spencer's  drawings 
of  the  epiphysis  of  adult  lizards.  Francotte  ('88)  gives  photo- 
micrographs of  sagittal  sections  of  the  brain  of  Angiiis  which  show 
the  velum  and  the  structure  running  along  its  distal  margin  very 
much  as  in  Anniella,  but  he  does  not  mention  the  commissure  in  his 
description.  The  only  reference  we  have  seen  to  a  commissure  in 
this  situation  is  by  Rabl-RUckhard  ('81),  who  finds  in  the  brain  of 
Paammoaaurus  terrestria  such  a  structure  lying  immediately  behind 
the  connection  between  the  third  and  the  lateral  ventricles,  the  fora- 
men of  Monro,  and  having  the  form  of  a  small  bundle  of  fibers 
stretching  across  the  narrow  cavity  of  the  third  ventricle  and  lying 
upon  the  dorsal  surface  of  the  optic  thalami.  Habl-Rdckhard  con- 
siders it  to  be  a  rudiment  of  the  posterior  portion  of  the  fornix  and 
homologous  with  the  transverse  tract  of  fibera  of  the  same.  As 
Rabl-Rdckhard  has  no  figure  of  the  structure  in  question,  it  is  impos- 
sible to  be  certain  about  the  homology,  but  from  his  rather  brief 
description  this  commissure  corresponds  closely  with  the  rudiment  of 
the  fornix  and  will  be  so  designated  for  the  present. 

The  post  velar  arch  is  a  simple  unbranched  tubular  sac  which 
extends  slightly  posteriorly  and  dorsally  and  lies  immediately  in 
front  of  and  in  partial  contact  with  the  epiphysis.  The  cells  (pi.  xlvi, 
fi.Q.  44,  e')  forming  this  sac  are  slightly  differentiated  from  the  epen- 
dyma  cells  (fig.  45,  e)  in  shape  and  staining  qualities,  being  more 
nearly  cubical  and  exhibiting  nuclei  which  do  not  stand  out  as  sharply 
from  the  cytoplasm  as  in  the  ependyma  proper.  The  cytoplasm  is 
rather  denser  and  the  nuclei  do  not  take  the  nuclear  stains  so  readily. 
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Paraphysis. — The  paraphysis,  or  choroid  plexus  of  the  third  ven- 
tricle (fig.  44,  py)  is  in  general  similar  to  the  post  velar  arch,  but 
differs  from  the  latter  by  becoming  more  branched  distally  and  more 
tubular  in  shape.  It  extends  dorsal  to  the  post  velar  arch  and  back- 
wards till  it  lies  over  the  epiphysis  (fig.  48,  py).  The  epithelium  of 
this  sac  resembles  the  ependyma  more  than  do  the  cells  of  the  previ- 
ously mentioned  region,  but  in  general  the  cells  of  the  paraphysis  are 
larger  and  the  nuclei  are  arranged  more  regularly  (fig.  44,  py). 

The  two  cavities  of  the  post  velar  arch  and  paraphysis  are  appar- 
ently unconnected,  although  from  a  close  study  of  sections  it  is 
possible  that  there  is  a  very  small  secondary  opening  between  the 
two  near  the  distal  end  of  the  post  velar  arch. 

Epiphysis. — The  epiphysis  (ep)  of  Anniella  is  very  similar  in 
structure  to  that  of  Anguis.  It  is  a  hollow  oval  vesicle  of  somewhat 
larger  size  than  the  pineal  eye,  but  showing  considerable  variation  in 
extent.  It  is  situated  in  the  middle  line  and  is  inclined  posteriorly 
so  that  although  the  whole  structure  lies  behind  the  posterior  com- 
missure, its  long  axis,  produced  ventrally,  passes  between  the  superior 
and  the  posterior  commissures.  The  epiphysis  thus  rests  upon  the 
anterior  part  of  the  optic  lobes  in  the  middle  line  and  in  the  posterior 
portion  of  the  pineal  body  as  a  whole. 

The  form  is  quite  regularly  oval  and  the  walls  are  of  uniform  thick- 
ness throughout,  so  that  the  cavity  of  the  vesicle  is  also  quite 
regular.  In  several  of  the  series  of  sections  examined,  the  cavity  of 
the  epiphysis  exhibited,  near  the  distal  end  on  the  anterior  side,  a 
slight  depression  as  if  a  portion  of  the  vesicle  had  been  pinched  off. 
This  scar  resembles  quite  closely  that  figured  by  Klinckowstrom 
('93)  in  Iguana  at  the  point,  where  the  pineal  eye  is  cut  off  from  the 
pineal  body  in  the  development  of  the  organs.  The  epiphysis  and 
neighboring  parts  are  all  supplied  by  large  blood  vessels  and  held  in 
place  by  a  great  amount  of  connective  tissue  which  gives  the  pineal 
body  its  characteristic  external  form. 

Histologically  the  epiphysis  resembles  very  closely  the  pineal  eye 
devoid  of  pigment  {^g.  46,  ep).  It  is  made  up  of  several  layers  of 
cells,  of  which  the  innermost  are  tall,  slender  columns  with  oval 
nuclei  toward  their  outer  ends.  At  the  bases  of  these  tall  columnar 
cells  is  an  irregular  row  or  two  of  closely  packed  oval  nuclei. 
Externally  is  a  single  layer  of  more  cuboidal  cells,  very  similar  to 
those  of  the  pineal  eye,  possessing  spherical  nuclei  which  stand  out 
very  clearly,  being  well  separated  from  each  other.  The  free  borders 
of  the  innermost  la^'er  of   cells  show  numerous  cilia-like  processes 
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similar  to  those  in  the  cavity  of  the  pineal  eye.  Whether  these 
processes  are  really  cilia  or  not  is  rather  difficult  to  determine.  In 
the  preparations  studied,  they  were  rather  irregular  in  length  and 
somewhat  tapering  in  form  instead  of  being  uniform  in  diameter  like 
true  cilia.  The  cavity  of  the  epiphysis  contains,  also  like  the  pineal 
eye,  a  coagulum  in  the  form  of  a  loose  network.  The  epiphysis  is 
entirely  closed  in  late  embryos  and  in  the  adult,  and  its  cavity  exhib- 
its no  structural  connection  with  either  that  of  the  brain  or  of  the 
pineal  eye.  This  also  corresponds  to  what  has  been  determined  for 
Anguis  by  Francotte  ('96). 

In  median  sagittal  sections  of  the  thalamencephalon  the  posterior 
and  superior  commissures  are  seen  lying  close  together  a  short  dis- 
tance in  front  of  the  optic  lobes,  the  superior  being  the  smaller  and 
situated  dorsally.  The  epiphysis  is  a  hollow  oval  body  lying  entirely 
separate  from  the  brain  proper  except  for  the  connective  tissue 
sheath  around  it.  The  cavity  of  the  third  ventricle  is  extended 
dorsally  as  a  fingerlike  evagination,  the  post  velar  arch,  reaching  as 
far  as  the  dorsal  limit  of  the  epiphysis  and  lying  in  contact  fre- 
quently with  the  anterior  wall  of  the  latter.  The  velum  transversum 
bangs  down  from  the  dorsal  wall  of  the  third  ventricle  in  front  of 
the  "Zirbelpolster"  and  bears  at  its  ventral  edge  a  commissure  cor- 
responding probably  with  the  rudiment  of  the  fornix  described  by 
Rabl-RQckhard  ('81).  Immediatel}^  in  front  of  this  the  evagination 
of  the  paraphysis  passes  dorsally  and  posteriorly  and  extends  dorsal 
to  both  the  post  velar  arch  and  epiphysis.  The  cerebral  hemispheres 
lie  in  front  of  the  paraphysis.  Projecting  from  the  roof  of  the 
ventricle  immediately  in  front  of  the  opening  of  the  paraphysis  is  a 
portion  of  the  ependyma  which  supports  the  choroid  plexus  of  the 
lateral  ventricles. 

Pi7ieal  JSi/e. 

As  in  a  large  number  of  other  lizards,  the  presence  of  a  pineal  eye 
is  indicated  on  the  exterior  by  a  scale  which  is  differentiated  to  form 
a  kind  of  *' cornea."  In  Anniella  it  is  the  interparietal  plate  which 
bears  an  unpigmented  area  in  its  central  portion,  beneath  which  the 
deeply  pigmented  pineal  eye  is  visible  (pi.  xlii,  fig.  10).  Usually, 
in  the  adult  at  least,  the  eye  is  situated  in  the  anterior  portion  of  the 
plate  in  the  middle  line,  but  in  some  of  the  embryos  at  hand  it  lies 
more  posteriorly.  The  unpigmented  area  is  circular  in  outline, 
although  its  outline  is  not  absolutely  definite  because  of  the  gradual 
disappearance  of  pigment  from  the  browspot.  The  eye  has  a  diame- 
ter of  about  0.2™'"  and  the  unpigmented  area  a  diameter  approxi- 
mately twice  as  great. 
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Apparently  in  the  specimens  examined,  the  eye  in  the  paler  variety 
(pidchra)  was  not  as  clearly  seen  as  in  the  darker  variety  {nigra), 
in  which  the  pigment  seemed  to  be  much  more  completely  removed 
from  the  "  cornea." 

As  in  all  lizards  probably  that  possess  a  pineal  ej^e,  the  skin  is 
firmly  attached  to  the  underlying  bone  in  this  region,  Spencer  ('86) 
mentions  that  this  peculiarity  is  constant,  even  in  those  forms  in 
which  the  parietal  organ  is  exceedingly  rudimentary.  The  parietal 
bone  over  the  pineal  eye  has  the  appearance  of  being  etched  when 
examined  with  a  hand  lens.  Sections  through  this  region  (PL  xlvii, 
fig.  49)  show  the  presence  of  rather  stout,  straight  connective  tissue 
fibers  (cf)  which  pass. in  a  vertical  or  slightly  oblique  direction 
completely  through  the  bone  and  are  continuous  with  the  fibers  in 
the  dermis.  The  laminae  of  the  bone  {pa)y  which  elsewhere  are 
very  prominent,  are  interrupted  and  obliterated  by  these  fibers. 

There  is  no  parietal  foramen,  but  the  fused  parietal  bones  contain 
an  excavation  on  the  under  side  in  which  the  pineal  eye  lies.  This 
pit  is  in  the  middle  line,  near  the  anterior  margin.  There  is  a 
slight  bulging  corresponding  to  the  pit  on  the  dorsal  side  and  around 
the  depression  internally  is  a  marked  thickening,  so  that  the  pineal 
eye  lies  in  a  cavity  much  deeper  than  the  average  thickness  of  the 
bone  in  that  region.  Careful  measurements  of  the  bones  in  one 
specimen  showed  that  the  elevation  around  the  pit  had  a  thickness 
nearly  five  times  that  of  the  parts  of  the  parietal  bone  adjacent  and 
eight  times  that  of  the  bony  cap  over  the  foramen.  The  pit  is 
elliptical  in  shape,  with  its  long  axis  parallel  to  the  axis  of  the  lizard 
and  of  about  twice  the  length  of  the  short  axis. 

The  pineal  eye  is  situated  at  the  bottom  of  the  pit,  pressed  against 
the  parietal  bone  dorsally.  ,It  is  somewhat  more  flattened  in  the 
adult  than  in  the  embryo.  Buraneck  ('87)  has  noted  that  in  Anguia 
the  cavity  is  somewhat  smaller  in  older  embryos  than  in  young  ones, 
and  although  this  has  not  been  observed  in  the  material  examined,  it 
seems  probable  that  the  flattening  of  the  eye  in  the  adult  may  be  of 
the  same  significance.  The  eye  is  slightly  smaller  than  the  pit,  so 
that  there  is  a  considerable  space  surrounding  it  which  is  filled  with 
a  much  vacuolated  tissue  (u),  similar  to  that  described  by  Spencer 
for  A7iolis  and  Anguis,  consisting  of  a  loose  network  of  fibers  and 
large  vacuolated  cells  containing  very  little  cytoplasm. 

In  the  embryos  studied,  in  which  the  cranial  cartilages  were  only 
partially  laid  down  and  were  entirely  absent  in  the  region  of  the 
pineal  eye,  this  organ  was  situated  in  the  ventral  portion  of  the 
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dorsal  wall  of  the  head,  embedded  in  connective  tissue  and  separated 
from  the  cranial  cavity  by  a  thin,  slightly  differentiated  layer  of  the 
same. 

With  relation  to  the  brain,  the  pineal  eye  has  a  position  just  dorsal 
to  the  constriction  which  marks  the  boundary  between  the  cerebral 
hemispheres  and  the  olfactory  lobes  (fig.  51,/?/w).  Because  of  the 
length  of  the  cerebral  hemispheres  and  the  posterior  inclination  of 
the  epiphysis,  Anniella  shows  a  much  wider  separation  between  the 
pineal  eye  and  epiphysis  than  any  other  lizard. 

In  shape,  the  pineal  eye  is  a  much  flattened  circular  vesicle,  the 
axis  of  rotation  of  which  is  vertical.  The  diameter  of  the  vesicle  is 
from  0.18  to  0.20'"™  and  the  thickness  0.06  to  0.07"". 

The  blood  vessels  in  the  region  of  the  parietal  eye  show  very  great 
variation.  In  some  specimens  the  blood  supply  is  very  inconspicuous 
while  in  others  there  is  a  very  much  distended  vessel  extending  along 
the  mid-dorsal  line  of  the  brain,  from  the  choroid  plexus  of  the  third 
and  fourth  ventricles  anteriorly  to  a  point  just  ventral  to  the  pineal 
eye  (fig.  50).  Here  it  forms  a  distinct  enlargement  and  breaks  up 
into  a  number  of  branches  which  in  general  are  distributed  over  the 
surface  of  the  brain  in  this  region,  between  the  cerebral  hemispheres 
and  the  olfactory  lobes.  A  small  branch  also  enters  the  vacuolated 
tissue  surrounding  the  pineal  eye.  Just  at  the  point  of  this  vessel's 
breaking  up  into  its  terminal  branches,  it  presses  into  the  pit  in  a 
semicircle  and  becomes  somewhat  enlarged.  Notwithstanding  its 
similarity  in  outward  appearance  to  a  stalk  connecting  the  pineal  eye 
and  the  epiphysis,  sections  show  conclusively  that  it  is  a  blood  vessel. 
It  seems  quite  possible  that  some  of  the  parietal  nerves  shown  in 
Spencer's  drawings  of  the  pineal  eye  of  a  number  of  lizards,  may 
be  nothing  but  blood  vessels,  and  that  in  this  respect  his  figures  are 
misleading. 

The  hollow  vesicle,  forming  the  eye,  may  be  differentiated  into 
two  quite  distinct  parts,  which,  however,  are  perfectly  continuous,  as 
Francotte  ('87)  and  Beraneck  ('87)  have  shown  in  the  papers  already 
mentioned  for  Anguis,  and  not  discontinuous,  as  de  Graaf  ('8b)  has 
figured  them! 

Retina. — As  mentioned  above,  the  pineal  eye  and  especially  its 
retinal  portion,  shows  a  structure  very  similar  to  that  of  the  epiphysis. 
The  quantity  of  pigment,  however,  obscures  the  details  somewhat,  so 
that  the  structure  cannot  be  so  certainly  ascertained.  Externally  is 
a  single  layer  of  cuboidal  cells  with  rather  large  nuclei.'  These  cells 
contain  less   pigment  than  the  inner  retinal  layers,  so  that  they  are 
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frequently  very  dietinct,  forming  an  outside  wall  to  the  vesicle.  As 
far  as  could  be  made  out  through  the  pigment,  in  the  polar  region 
there  is  a  single  layer  of  rather  tall  columnar  cells  with  nuclei  situ- 
ated in  the  basal  portions  of  the  cells  ;  in  the  equatorial  region, 
however,  where  the  wall  of  the  vesicle  is  somewhat  thicker  than 
elsewhere,  the  increased  thickness  is  due  to  an  intermediate  layer  of 
cuboidal  cells  between  the  outermost  layer  and  the  columnar  cells. 
This  middle  layer  is  rather  irregular,  but  the  presence  of  pigment 
interferes  considerably  with  the  accurate  determination  of  the  struc- 
ture. The  pineal  eye  of  Anniella  (pi.  xlviii  )  and  Anguis,  accord- 
ing to  the  beautiful  photomicrographs  of  Francotte  ('88),  show 
striking  similarity.  Francotte  describes  three  layers  of  cells  in  the 
retina  of  Anguis  as  follows  :  1,  an  outer  layer  of  cuboidal  cells 
forming  the  external  wall ;  2,  a  layer  of  spherical  cells  on  which  the 
rods  rest ;  and  3,  a  layer  of  fusifoim,  ciliated  rods  lining  the  vesicle. 
In  the  specimens  at  hand  there  was  so  much  pigment  present  that 
the  second  layer  could  not  be  distinguished  except  in  the  equatorial 
region.  Francotte's  figures  of  Anguis  show  the  retina  almost  free 
from  pigment,  there  being  only  a  little  at  the  inner  ends  of  the 
columnar  cells  next  the  cavity,  so  that  the  three  layers  are  very 
clearly  shown.  Because  of  the  general  similarity  in  other  respects 
of  these  closely  related  forms,  Anguis  and  Anniella,  this  may  be  the 
structure  of  the  specimens  examined,  but  so  obscured  as  not  to  be 
determinable.  The  columnar  cells  are  not  ciliated,  although  in 
nearly  every  case  a  coagulum,  in  the  form  of  a  network  having  the 
appearance  of  cilia,  is  found  in  the  cavity  ventrally  in  contact  with 
the  retina. 

Differing  from  Anguis,  the  pineal  eye  of  Anniella  exhibits  a 
marked  thickening  of  its  wall  in  the  equatorial  region.  In  some 
cases  the  wall  is  twice  as  thick  here  as  in  the  ventral  portion  of  the 
vesicle. 

The  pigment  is  present  in  the  retina  as  fine  granules  of  fairly 
uniform  size,  packed  together  to  form  irregular  masses.  In  general 
it  is  concentrated  principally  along  the  lateral  cell  walls.  In  the  cells 
of  the  lower  pole*  it  is  more  abundant  than  in  the  equatorial  region 
and  occupies  practically  the  entire  thickness  of  the  retinal  wall  with 
the  exception  of  the  outermost  layer  of  cells,  and  even  here  some 
pigment  is  often  found.  The  equatorial  region  of  the  vesicle  con- 
tains less  pigment  than  the  rest  of  the  retina,  and  it  is  confined 
principally  to  the  middle  part  of  the  columnar  cells.  In  a  ring  sur- 
rounding the  lens  there  is  a  large  quantity  of  pigment,  forming 
quite  a  distinct  frame  for  the  lens. 
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Lens, — The  lens,  while  perfectly  continuous  with  the  retina,  is 
strikingly  differentiated  from  it  by  the  absence  of  pigment.  It  lies 
on  the  side  of  the  eye  toward  the  exterior,  and  while  the  retina 
becomes  more  heavily  pigmented  in  the  course  of  its  development, 
in  many  respects  the  two  exhibit  some  similarity  in  structure. 

The  cells  of  the  lens,  in  contrast  with  those  of  the  retina,  are  less 
dense  in  nature,  more  homogeneous,  and  free  from  pigment.  Strahl 
and  Martin  ('88)  describe  pigment  in  the  lens  of  Anguis^  but  this 
has  not  been  substantiated  by  other  investigators.  Essentially,  there 
is  the  same  arrangement  as  in  the  rest  of  the  eye,  a  layer  of  fairly 
tall  columnar  cells  toward  the  cavity  and  a  rather  irregular  layer  of 
shorter  ones  on  the  outside.  Francotte  describes  in  the  lens  two 
layers  of  fusiform  cells,  which  probably  correspond  to  the  single 
layer  which  has  been  found  here  in  Anniella.  The  cells  are  some- 
what more  slender  and  longer  than  in  the  retina,  and  the  nuclei 
apparently  are  more  crowded  and  elongated  and  occupy  more  nearly 
the  central  portions  of  the  cells,  although  frequently  a  nucleus  is 
found  pushed  to  one  end  or  the  other.  External  to  the  columnar 
cells  is  an  incomplete  layer  of  cuboidal  cells,  smaller  than  the  corre- 
sponding ones  in  the  retina  and  much  more  irregularly  disposed,  not 
forming  apparently  a  continuous  layer.  These  cells  are  not  at  all 
numerous  and  can  be  distinguished  from  the  columnar  ones  only  by 
the  spherical  nuclei,  the  cell  outlines  of  all  the  cells  being  somewhat 
indistinct  in  these  preparations.  Beraneck's  ('87)  description  of  the 
histological  structure  of  the  eye  in  Anguis  agrees  with  that  of 
Anniella  very  cloj«ely. 

The  lens  is  biconvex  ;  peripherally  it  has  the  same  thickness  as 
the  retina  surrounding  it,  and  is  in  perfect  continuity  with  the  latter. 
The  curvature  of  the  two  surfaces  is  usually  different.  The  dorsal 
surface  corresponds  in  curvature  to  that  of  the  vesicle  on  the  ventral 
side,  so  that  ordinarily  there  is  no  bulging  dorsal ly.  Occasionally, 
however,  there  is  a  slight  increase  in  the  convexity  of  this  part.  On 
the  ventral  side,  toward  the  cavity  of  the  eye,  there  is  considerable 
variation  in  the  curvature,  as  may  be  seen  in  figs.  52-54.  In  one  or 
two  eases  the  convexity  of  the  two  sides  of  the  lens  was  the  same, 
but  usually  the  inner  surface  was  more  strongly  convex,  forming  a 
decided  protuberance  on  the  dorsal  side  of  the  cavity.  The  cell  walls 
facing  the  cavity  in  general  are  delicate,  so  that  the  coagulum  in 
contact  with  the  cells  has  somewhat  the  appearance  of  streaming  out 
from  the  cells. 

Projecting  into  the  cavity  of  the  eye  from  the  free  ends  of  the 
columnar  cells  of  the  lens  are   numerous  processes  quite  similar  to 
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cilia  but  differing  from  typical  cilia  in  their  raore  irregular  and  some- 
what tapering  form.  In  Beraneck's  figures  of  the  developing  pineal 
eye,  the  internal  borders  of  the  cells  of  the  lens  are  provided  with  a 
"  hj^aline  substance,"  forming  an  irregular  layer  of  about  the  same 
thickness  as  the  layer  of  processes  just  mentioned  in  Anniella^  and 
it  is  likely  that  these  processes  are  simply  the  coagulated  "  hyaline 
substance"  of  B6raneck  ('87).  This  author  states  that  both  lens 
and  retina  secrete  a  substance  which  fills  up  the  cavity.  In  nearly 
all  cases  the  cavity  contains  some  material  in  contact  with  the  cells 
of  the  lens  and  polar  region  of  the  retina  ;  that  in  contact  with  the 
inner  side  of  the  lens  has  an  appearance  that  resembles  cilia,  while 
that  from  the  retina  is  more  of  a  loose  reticular  structure. 

In  summing  up  the  characters  of  the  pineal  apparatus  and  related 
parts  of  the  brain,  Anniella  has  been  found  to  agree  very  closely 
with  Anguis  in  practically  all  essential  points.  The  pineal  eye  is 
more  widely  separated  from  the  epiphysis  than  in  Anguis,  In  late 
embryos  and  adults  there  is  no  connection  between  the  pineal  eye 
and  the  epiphysis.  The  paraphysis  of  Anniella  is  rather  more  tubu- 
lar and  longer  than  in  Anguis,  The  epiphysis  is  inclined  posteriorly 
and  dorsally,  while  in  Anguis  the  distal  portion  is  inclined  anteriorly, 
almost  at  right  angles  to  the  proximal  portion.  The  superior  and 
posterior  commissures  are  very  closely  related  topographically  to  each 
other,  and  extend  between  the  posterior  portions  of  the  ganglia 
habenulflB.  In  front  of  the  epiphysis  the  post  velar  arch  is  very 
much  elongated  to  form  a  tubular  sac.  Projecting  ventrally  from 
the  dorsal  side  of  the  third  ventricle  immediately  in  front  of  the 
post  velar  arch  is  the  velum  transversum,  along  the  distal  margin  of 
which  is  situated  the  commissure,  which  is  a  rudiment  of  the  fornix. 
The  paraphysis  is  a  long  tubular  branched  sac  extending  dorsally  and 
posteriorly  from  the  roof  of  the  third  ventricle,  immediately  in  front 
of  the  velum. 

It  has. not  been  deemed  necessary  to  mention  the  numerous  papers 
which  have  appeared  upon  this  y^ry  interesting  portion  of  the  brain, 
because  of  the  most  excellent  resume  of  the  literature  and  discussion 
of  the  results  of  investigations  by  Gaupp  ('97). 

Sheffield  Biological  Laboratory,  May,  1905. 
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EXPLANATION  OF  PLATES. 


Abbreviations. 


a  articnlar. 

ad  adrenal  body. 

6  basipterygoid. 

bl  bladder. 

bo  basioccipital. 

6s  basispheuoid. 

6.r  blood  vessel. 

c  caBcnm. 

c.a  rudiment  of  fornix. 

c,b  cerebellum. 

cd.m  candnl  muscle. 

eg  cloacal  gland. 

c.h  cerebral  hemisphere. 

cl  cloaca. 

cm  constrictor  muscle. 

cor  coronary. 

c.p  posterior  commissure. 

c.s  superior  commissure. 

c.t  connective  tissue  fibere. 

d  dermis. 

d,c  dorsal  cloacal  chamber. 

dn  dentary. 

e  ependyma. 

e   post  velar  arch. 

e.a  epiphysial  apparatuK. 

ec  ectopterygoid. 

ed  epidermis. 

/fat. 

fr  frontal. 

f.v  fourth  ventricle. 

g  oblique  groove  of  phallus. 

g.h  ganglion  habenulfe. 

g.p  genital  papilla. 


h  horizontal  partition  between  cloa- 
cal chambers. 
t  intestine. 
in  infundibulum. 

J  j^gal. 
k  kidney. 

I  lymphoid  tissue. 

l.od  left  oviduct. 

Lov  left  ovary. 

m  muscles. 

md  medulla. 

mx  muxilla. 

)i  nasal. 

o  ostium. 

o.l  optic  lobe. 

olf  olfactory  lobe. 

p  prefrontal. 

pa  parietal. 

p,c  posterior  cloacal  chamber. 

pg  pigment. 

ph  phallus. 

pin  pineal  eye. 

pi  palatine. 

pm  premaxilla. 

pt  pterygoid. 

py  paraphysis. 

q  quadrate. 

r  rectum. 

r.m  retractor  muscle  of  phallus. 

r.od  right  oviduct. 

r.ov  right  ovary. 

8  supraorbital. 

so  supraoccipital. 
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sp  splenial. 

sq  Bqaamosal. 

si  stapes. 

t  testis. 

t.p  terminal  pit  of  phallus. 

u  ureter. 

tt'  diverticulum  of  ureter. 

ut  uterus. 

V  vacuolated  tissue. 


v.c  ventral  cloacal  chamber. 
v.d  vas  deferens. 
vo  vomer. 
vr  vertebra. 
V.  t  velum  transversum. 
W.d  Wolffian  duct. 
II  optic  nerve. 
V  trigeminal  nerve. 
VII  facial  nerve. 


PLATE  xu. 

Figs.  1-3.  Brain  of  adult;  dorsal,  lateral,  and  ventral  aspects  respectively. 
The  blood  vessel  ( b.v)  extending  in  the  g^ove  between  the  cere- 
bral hemispheres  (c.A)  is  shown  in  a  very  distended  condition 
with  its  branches  ramifying  over  the  union  of  the  olfactory  lobes 
(  olf)  and  cerebral  hemispheres  just  beneath  the  pineal  eye.  The 
optic  chiasma  and  the  scalloped  anterior  edge  of  the  inf undibulum 
( in )  are  shown  in  fig.  8.  The  cranial  nerves  with  the  exception 
of  the  first,  second  (II),  fifth  (Y),  and  seventh  (VII)  are  not 
shown.     X  7. 

Skull  of  adult  from  dorsal,  ventral,  and  lateral  aspects  respectively. 
In  fig.  4,  internal  to  the  ectopterygoid  are  seen  the  two  minute 
bones,  the  postf  rontal  and  postorbital.      x  7. 

Left  mandible  seen  from  the  right  side,     x  7. 

Dentary  bone  of  right  mandible  seen  from  the  left  side,  showing  the 
shallow  grooves  on  the  recurved  teeth,      x  15. 


Figs.  4-0. 


Fig. 
Fig. 


7. 

8. 


PLATE    XLII. 

Fig.    9.        Dorsal  view  of  anterior  end  of  70"'"  embryo,  showing  the  large 

interparietal  plate  with  the  pineal  eye.      x  8. 
Fig.  10.        Interparietal  plate  and  pineal  eye  of  adult,     x  20. 
Fig.  11.        Interparietal  plate  of  embryo  60°""  long.     x20. 
Fig.  12.        Hyoid  apparatus,     x  8. 
Fig.  13.        Rib  from  left  side,  posterior  aspect,      x  17. 
Fig.  14.        Left  pelvic  bone  from  dorsal  side,      x  17. 
Figs.  15-18.  Dermal  ossifications  from  scales  of  cervical  region,     x  17. 
Fig.  19.        Thoracic  vertebra  seen  obliquely  from  above  and  right  side,  showing 

the  transverse  processes  at  the  anterior  end  of  the  centrum,      x  17. 
Fig.  20.        Same  vertebra  seen  from  dorsal  side,     x  17. 
Fig.  21.        Second  cervical  vertebra  from  anterior  end.     x  17. 
Fig.  22.        Same  vertebra  from  right  side,     x  17. 
Figs. 23,  24.  Anterior  and  posterior  segments  respectively  of  one  of  the  caudal 

vertebrae  seen  from  the  side,   showing  the    "breaking    joint." 

xl7. 
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PLATE  XLni. 

Fig.  25.  Urogenital  organs  of  adult  female  from  ventral  side,  showing  both 
ovaries  {r.ov  and  l.ov)  perfectly  functional  and  of  the  same  size, 
and  the  left  ovidnct  (Lod)  very  radimentarj.  The  cloaca  is 
represented  as  if  transparent  so  that  the  position  of  the  openings 
of  the  ducts  and  the  horizontal  shelf  separating  the  dorsal  and 
ventral  cloacal  chambers  are  shown,      x  3. 

Fig.  26.  Urogenital  organs  of  adult  female  from  ventral  side,  showing  a 
slightly  different  form  of  the  aborted  left  oviduct  and  also  two 
eggs  with  developing  embryos  (ut^  ut')  in  the  uterine  portion  of 
the  right  oviduct,     x  8. 


PUkTE   XLIV. 

Fig.  27.  Sagittal  section  of  60""  embryo  in  the  region  of  the  cloaca  through 
the  phallus,  showing  the  large  retractor  muscle  of  the  phallus 
(r.m)  and  the  large  blood  spaces  (&.v).  The  oblique  groove  (g)  is 
also  shown  in  part.  One  of  the  cloacal  glands  is  shown  at  {eg). 
x47. 

Fig.  28.        Transverse  section  of  embryo  of  same  length,     x  47. 

Fig.  29.  Transverse  section  of  terminal  portion  of  phallus  of  embryo  of  same 
length,  showing  the  glandlike  pits  on  the  distal  end  (t.p),  the 
oblique  groove  (gr),  and  blood  spaces  (&.v).     x  47. 

Fig.  30.  Portion  of  ventral  surface  of  50""  embryo  shortly  before  birth, 
showing  the.  phalli  projecting  from  the  lateral  borders  of  the 
cloacal  aperture  and  the  oblique  gproove  and  terminal  pits  with 
which  each  is  provided,      x  18. 

Fig.  31.  Portion  of  ventral  surface  of  another  embryo  70""  long,  showing 
slightly  different  form  of  phalli,     x  14. 

Fig.  32.        Slightly  different  aspect  of  phalli  of  another  individual,     x  20. 

PLATE    XLV. 

Fig.  88.  Transverse  section  through  cloacal  region  of  adult  female,  ante- 
rior to  opening  of  oviducts  (r.od)  and  ureters  (u).  The  minute 
Wolffian  ducts  persisting  in  the  female  are  shown  below  and 
internal  to  the  ureters.  The  left  oviduct  is  slightly  smaller  than 
the  right.  Masses  of  lymphoid  tissue  (l)  are  situated  beneath  the 
epithelium  of  the  ventral  cloacal  chamber  (r.r).      x  82. 

Fig.  34.  Transverse  section  of  same  specimen  somewhat  more  posterior.  The 
dorsal  chamber  (d.c)  is  much  larger,  and  the  genital  papilla  (g.p), 
at  the  summit  of  which  the  oviducts  open,  is  shown  projecting 
from  the  dorsal  surface  of  the  horizontal  shelf  (h).  External  to 
the  ureter  (u)  on  the  right  side  of  the  figure  is  shown  the  opening 
of  the  diverticulum  of  the  same  which  is  present  in  both  sexes. 
X  82. 
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Fig.  85.  Transverse  section  through  cloacal  region  of  adult  male  through  the 
opening  of  the  vas  deferens  (v.cf)  oii  the  apex  of  the  urogenital 
papilla.  The  diverticulnm  of  the  ureter  is  essentially  similar  to 
that  of  the  female  in  the  previous  figure.  The  horizontal  partition 
between  the  cloacal  chambers  is  here  shown  as  a  very  thick  band 
(h).     X  28. 

Fig.  36.  Transverse  section  of  thd  same  specimen  somewhat  more  posterior, 
through  the  opening  of  one  of  the  ureters.  The  posterior  end  of 
the  horizontal  partition  (h)  is  completely  surrounded  by  the  pos- 
terior chamber,      x  28. 

Fig.  37.  Transverse  section  of  aborted  left  oviduct  from  near  its  middle 
portion,  showing  the  numerous  well  developed  glands  which  open 
into  its  lumen,     x  146. 

PLATE    XLVI. 

Fig.  38.  Urogenital  organs  of  adult  male  from  ventral  side.  The  cloaca  is 
represented  as  a  transparent  structure  so  that  the  openings  of  the 
urinary  (m)  and  genital  ducts  (r.d)  and  the  basal  portions  of  the 
retracted  phalli  iph)  may  be  seen,      x  8. 

Fig.  39.  Transverse  section  through  adult  male  posterior  to  cloaca  and  pass- 
ing through  the  distal  portion  of  the  retracfced  phalli.  The  section 
is  slightly  oblique,  so  that  the  phallus  on  the  right  shows  the  two 
terminal  pits  {t.p)  while  that  on  the  left  does  not.  The  strong 
constrictor  muscles  (cm)  are  shown.  Large  masses  of  adipose 
tissue  (/)  are  situated  on  either  side  of  the  middle  line  between 
the  vertebral  column  (rr)  and  the  pouches  of  the  phalli.      x21. 

Fig.  40.  Ideal  reconstruction  of  cloacal  chambers  of  adult  female.  The 
cloaca  is  represented  with  the  left  half  removed  along  the  middle 
line,  showing  the  relations  of  the  posterior  cloacal  chamber  (p.c) 
and  the  dorsal  (rf.c)  and  the  ventral  chambers  {r,c).  The  genital 
papilla  is  seen  projecting  into  the  dorsal  chamber  from  the  dorsal 
side  of  the  horizontal  partition  {h).  Folded  condition  of  posterior 
chamber  is  also  shown,      x  7. 

Fig.  41.  Cloaca  of  adult  male.  The  ventral  wall  has  been  cut  away,  thus 
removing  the  bladder  and  allowing  the  pouches  of  the  phalli  and 
horizontal  partition  to  be  seen,      x  5. 

Fig.  42.  Cloaca  of  adult  male,  contracted  somewhat  differently  from  that  in 
the  previous  figure.  The  cloaca  is  represented  as  if  split  slightly 
to  the  left  of  the  midventral  line  and  spread  open.  The  ventral 
wall  of  the  posterior  chamber  has  been  removed  so  that  the  phallus 
pouches  are  not  shown.  A  transverse  section  of  the  cloacal  region 
contracted  as  represented  would  have  the  appearance  of  fig.  36. 
X  5. 

Fig.  43.        Cloaca  of  adult,   showing  the  lateral  pockets  at  posterior  end  of 

rectum.     A  small  section  of  the  ventral  wall  in  which  the  bladder 

opens  into  the  cloaca  has  been  removed  and  the  cut  edges  of  the 

rectum  have  been  pulled  aside  to  expose  the  cha-mbers  more  fully. 

X  5. 
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Fig.  44.  Highly  magnified  portion  of  fig.  47^  showing  the  differentiation  of 
the  epithelium  of  the  paraphysis  (py )  and  the  post  velar  aroh  {e*), 
x409. 

Fig.  45.  Another  portion  of  fig.  47  more  highly  magnified,  showing  the  rudi- 
ment of  the  fornix  (c,a)  and  the  ependyma  cells  (e)  which  become 
differentiated  to  form  the  paraphysis  (py)  and  the  post  velar  arch 
'  of  the  previous  figure,      x  409. 

PLATE    XLVII. 

Fig.  46.  A  portion  of  fig.  47  through  the  epiphysis  (fp)  and  the  post  velar 
arch  (eO,  showing  the  details  of  cell  structure,      x  487. 

Fig.  47.  Slightly  oblique  sagittal  section  of  portion  of  brain  of  a  OO™*" 
embryo,  showing  the  relationship  of  the  various  parts  of  the  pineal 
apparatus.  The  paraphysis  {py)  arises  anterior  to  the  velum 
(v.i),  the  third  ventricle  becomes  greatly  extended  dorsally  to 
form  a  more  or  less  tubular  sac,  which  lies  just  anterior  to  the 
epiphysis  {ep).  The  superior  {c.s)  and  posterior  commissures 
(c.p)  are  sitiiated  very  close  together,     x  67. 

Fig.  48.  Sagittal  section  of  portion  of  pineal  apparatus  of  a  56"'°  embryo. 
The  tubular  distal  end  of  the  paraphysis  (py)  is  shown  extending 
posteriorly  and  overlying  the  epiphysis  («p).  Immediately  above 
the  posterior  commissure  (c.p)  is  seen  the  smaller  superior  com- 
missure.    X  67. 

Fig.  49.         Portion  of  fig.  50  more  highly  magnified,  showing  the  integument 

(«d,  d)  attached  closely  to  the  underlying  parietal  bone  {pa)  by 

means  of  very  stout  connective  tissue  fibers  {c.t).      The  pigment 

of  the  skin  which  is  absent  above  the  pineal  eye  is  shown  at  pg, 

X  325. 

Fig.  50.  Portion  of  sagittal  section  of  head  of  adult,  showing  the  pineal  eye 
{pin)  situated  in  a  pit  on  the  ventral  side  of  the  parietal  bone 
{pa)  embedded  in  vacuolated  tissue  (»).  The  fleck  of  skin  which 
remains  fast  to  the  skull  when  the  skin  is  {>eeled  off  from  the  rest 
of  the  body  is  shown  and  also  the  large  blood  vessel  {h.v)  which 
lies  between  the  cerebral  hemispheres,      x  45. 

Fig.  51.  Sagittal  section  of  head  of  embryo,  part  of  which  is  represented  in 
fig.  47.  The  pineal  eye  is  seen  in  the  ventral  portion  of  the 
dorsal  wall  of  the  head,  situated  just  above  the  union  of  the 
cerebral  hemispheres  and  olfactory  lobes,      x  40. 

» 

PLATE    XLVin. 

Fig.  52.  Sagittal  section  of  pineal  eye  of  45'"'"  embryo,  showing  a  moder- 
ately convex  lens,      x  437. 

Fig.  53.  Transverse  section  of  pineal  eye  of  embryo  shortly  before  birth, 
showing  a  less  convex  lens,      x  437. 

Fig.  54.  Sagittal  section  of  pineal  eye  of  60"""  embryo,  showing  a  very 
much  flattened  fonn  with  an  exceedingly  convex  lens.      x437. 
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Acrobolbus,  2. 
Acromastigum,  1,  3,  3,  4,  9. 

integrifolium,  10. 
Adelocolea,  2. 
Anomoclada,  2. 
Arachniopsis,  1. 
Bazzania,  1,  4,  //. 

Baldwinii,  1,  12, 18,  19,  20. 

Beeoheyana,  20. 

Brighami,  12,  ^^i^  23. 

cordistipula,  /^,  13,  14,  15,  16. 

deflexa,  18,  19. 

Didericiana,  12,  15  j  18. 

emarginata,  1,  12,  /7,  18. 

falcata.  12,  13. 

fallax,  1,  18. 

inaequabiliB,  12,  ^i,  23. 

integrifolia,  10. 

minuta,  13,  19,  20. 

Nuuanuensis,  12,  15, 

patens,  1,  12,  ^0,  21. 

Sandvicensis,  12,  14. 

triangularis,  1,  19. 

trilobata,  23. 
Blepharostoma  Sandvicense,  33. 
Calypogeia  Baldwinii,  27. 

bifurca,  26. 

Trichomanis,  24. 
Cephalozia,  1,  3,  <?/. 

Baldwinii,  1,  32,  S5. 

eonnivens,  33,  34. 

elachista,  37. 

exiliflora.  1,  38. 

forficata,  34. 

heteroica,  32,  S8,  39. 

Jackii,  35. 

Kilohanensis,  1.  32,  J7. 

leucantha,  1,  35. 

LilaB,  32,  SO. 

lunulffifolia,  34. 

multiflora,  33,  34. 

myriantha,  35. 

Sandvicensis,  32,  S3,  34. 
Cephaloziella,  1,  2,  3,  35,  S6. 

Hebridensis,  39. 
Eucephalozia,  1,  S£y  35. 
Eulepidozia,  5. 
Herbwrta,  18. 
Herpetiuin  cordistipulum,  12. 

patens,  20. 
Herpocladium,  18. 
Jungermannia  australis,  5. 
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Jungermannia  bidentula,  24. 

caudifera,  29. 

crassifoliai  33. 

Sandvicensis,  33. 
Kantia,  1,  2,  3,  23. 

Baldwinii,  24,  £7,  28. 

bidentnla,  24. 

bifurca,  1,  24,  ^6. 

caespitosa,  28. 

cuspidata,  24,  S5y  26. 

nephrostipa,  28. 

rotundistipula,  27. 

Sullivantii,  1,  27. 

Tosana,  1,  £'-^,  26. 

Trichomanis,  24,  25. 
Lepidozia,  1,  3,  4* 

australis,  1,  4,  5,  6. 

commutata.  1,  7,  8. 

filipendala,  7. 

Hawaica,  1,  4,  ^,  9. 

reptans,  1.  5,  6. 

Sandvicensis,  1,  4,  7,  8,  35. 

setacea,  1,  9. 

triceps,  5. 
Marsupidium,  2. 
Mastigobryum  Bomeense,  18. 

Brighami,  22,  23. 

cordistipulum,  12. 

Cubense,  1,  20. 

Didericianum,  15. 

integrifolium,  10. 

ligulatum,  22,  23. 

minutum,  19. 

parvistipulum,  20. 

patens,  20. 

Sandvicense,  14. 
Mustigophora  filipendula,  7. 

Sandvicensis,  7. 

triceps,  5. 
Microlepidozia,  6. 
Mytilopsis,  1. 
OdontoBchisma,  1,  3,  ^8. 

gracile,  28,  SO. 

Sandvicense,  1 .  28,  SO,  31 . 

Sphagni,  1,  29,  31. 

subjulaceum,  28,  ^0,  30,  81. 
Protoeephalozia,  1. 
Pteropsiella,  1. 
SphagncBcetis  gracilis,  30. 

Sandvicensis,  30. 
TylimanthuB,  2. 
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Abbot's  Head,  111,  113.  135.  Birds,  fossil,  195. 

Acrostichum  aureum,  156.  Bland,  Thos.,  168. 

Admiralty  House,  landslide  near.  184.     i  Blood-drup,  147. 
^olian  limestones,  ^7,  48-51,  61,  62^  70,    Blue  Hole,  88. 


107,  108. 
^olian  limestones  submerged,  81. 
Agaricia  fragilis,  141,  187. 


Boaz  Island,  93. 

Boilers,  90. 

Bonaventura,  wreck  of  the,  116,  130. 


A.  undata,  fossil,  187.  ^  Bones  of  Birds,  fossil,  82,  195. 
Agassiz,  Mr.  Alexander,  52.  54,  67,  60,  '  Borings  of  Annelids  and  Gephyneans, 

72,  74,  76.  77,  97,  125,  144,  157,  172,  i      150. 

178,  196,  204.  '  Borings  of  Li thophagUB  appendiculatns, 

Ammodiscus  tenuis,  140.  j      etc.,  i.^.9. 

Ancient  Maps,  135,  137.  ;  Borings  of  sea-urchins,  151. 

Annelids,  tJ^7j  14S,  160.  1  Borings  of  sponges,  151. 

Anticosti  Island,  erosion  at,  125.  '  Bottom  deposits,  ISO,  140-150 

Area  (Barbatia)  dominguensis  and  Area  1  Broken  grounds  outside  the  reefs,  95. 

noie,  fobsil,  186.  Building  stones,  66. 

Arenicola  cristata,  147.  \  Bulla  occidentali8=B.  media,  fossil,  183. 

Argus  and  Challenger  Banks,  54,  55,  •  Ctecum  termes,  fossil,  181,  182. 

56,  96.  I  Cake  urchin,  146 

Artesian  borings,  56,  67.  Callista  macnlata,  184. 

Arctic  current,  59,  60.  .  Camelo,  Ferdinando,  102. 

Aspidium  coriaceum,  156.  '  Carychiumbermudense,  fossil,  i70, 171, 

Astralium  longispina,  182.  '      194. 

Bailey  Bay,  51,  71,  93,  107,  111,  138,    Castle  Harbor,  70,  85,  88,  93,  121,  127, 

142.  138. 

Bailey  Bay  Island,  71,  110.  ,  Castle  Island  and  ruins  of  King's  Castle, 

Balanus,  fossil,  79.  47,  93,  94,  128,  197. 

Balanus  tintinabnlum,  fossil,  179,  189.   ;  Castle  Point,  191. 
Bartram  J.  T.,  collection  of  shells,  184.    Cathedral  Rocks,  OS,  98,  104,  109,  128. 
Base  rock,  61.  1  Catherine  Point,  116. 

Bay  of  Fundy,  53.  Causeway,  93,  127,  132. 

Beach  limestone,  178.  I  Cave,  Convolvulus,  84. 

Beach-rock,  73,  199.  Cave,  Cooper's,  84. 

Beach-rock  with  marine  fossils,  75.  1  Cave,  Joyce's,  84. 

Bermudia,  genus.  193.  Cave,  Paynter's,  84. 

Bermuda  Company,  seal  of  the,  120.       \  Cave,  Peniston's,  84. 
Bermuda  in  the  Qlacial  Period,  59.  Caves,  Walsingham,  84,  85. 

Bermuda  Islands,  The,  Part  IV,  45.         •  Caverns  and  Sinks,  83,  88. 
Bermuda  mountain,  55.  (>avems  containing  sea  water,  83. 

Bermuda  not  a  true  atoll,  52.  |  Cavern  at  Ireland  Island,  195. 

Bermnda  volcano,  53.  •  Cedar.  Bermuda,  59. 

Bibliography  of  geology  and  paleontol-    Cedars,  large,  in  bogs,  177. 

ogy,  200-204.  Cenchras  tribuloides,  on  sand  dunes, 

Bifidaria  mpicola,  fossil,  170,  104.  \      154. 

B.  servilis,  fossil,  109,  104.  \  Cenobita  diogenes,  fossil,  156,  158,  179, 
Biflnstra.  141.  i      196.  107. 

Bigelow,  Henry  W.,  156.  Cerithium    ferrugineum  =  minimum, 

Biloculina  bulloides,  and  B.   ringens,        181. 
140,  141,  188.  I     C.  variabile,  fossil,  181. 
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Challenger  Bank,  54*  55,  56. 

Chama  lingua-f  eUs  and  C.  macrophylla, 
fossil,  186. 

Champlain  or  Lawrentian  Period,  60. 

Champlain  Period,  75,  199. 

Changes  due  to  erosion,  99. 

Channel,  cntting,  125. 

Channels,  filling  np  of  the,  94. 

Channels  or  cuts,  outer,  90,  93,  94. 

Character  of  the  rocks,  47. 

Charles  Island,  fossils  at,  191. 

Chasm  at  Cooper's  I.,  106,  109. 

Chirodota  rotifera,  145,  146. 

Chiton  tuberculatus,  1S3. 

Chub  Cut,  93,  94. 

Cirratulns  grand  is,  14^. 

Clarence  Cove,  54,  110,  133,  1.34. 

Clavnlina  communis.  I40. 

Climate  of  Bermuda,  61. 

Cliona  sulphurea,  borings  of,  151. 

Codakia  costata,  C.  orbicnlata,  and  orbi- 
cularis, fossil,  186. 

Codakia  tigrina,  fossil,  186. 

Columbella  cribraria,  fossil,  ISO. 
C.  mercatoria,  fossil,  180. 

Compact  limestones,  66. 

Coney  Island,  71,  86,  li2G. 

Conglomerate,  78. 

Consolidation,  none  below  low -tide 
level,  65. 

Consolidation  of  sands,  61 , 

Cooper's  Island,  93,  106,  109,  198. 

Coralliophaga  coralliopbaga,  borings, 
150. 

Corallina,  118. 

Coral  Reefs,  characteristic  life  of,  204. 

Corals,  fossil,  177,  187,  189. 

Corals,  great  age  of,  149. 

Cornuspira  foliacea,  140,  188. 

Cristellaria  compressa,  I40. 

Crow-lane,  136. 

Crow-lane  Harbor,  fossils  at,  185. 

Cinistacea  of  the  Devonshire  Formation, 
179. 

Cuts  or  Channels  through  reefs,  90,  93. 
94. 

Cuts,  position  and  depth  of  the,  90-94. 

CypraBa  asellus  and  C.  tigris,  181. 

Cypraea  cinerea  and  C.  exanthema,  fos- 
sil, 180. 

Cyphoma  gibbosa,  fossil,  180. 

Decay  of  limestones,  slow  rate  of,  101, 
103. 

Deep  Bay,  landslide  at.  134. 

Devirs  Hole,  51,  84,  85,  86-93. 

Devonshire  Bay,  73,  78,  HO. 

Devonshire  formation,  75,  76-81,  178, 
189. 

Devonshire  formation,  marine  fossils  of, 

178,  179,  189,  199. 
Devonshire  Parish,  76. 
Devonshire  ^wamp,  155. 
Dockyard  on  Ireland  Island,  81. 


Dominica  Island,  55. 

Drifting  Sands,  151-155. 

Drill,  of  oysters,  148. 

Ducking  Stool,  133. 

Earthquake  shocks,  135. 

Kast  Ledge  Flat,  115. 

E^ton,  Eng.,  sand  pipes  at,  173. 

Echinometra  subangularis,  151. 

Eggs,  fossil,  195,  196. 

Elbow  Bay,  drifting  sands  at,  72,  79, 

119,  150,  15:B,  153-155. 
Elies'  Harbor,  126. 
Emergence  of  the  laud,  56. 
Emmet,  Thomas,  136. 
EnoplobranchuB  sanguineus,  147. 
firosion  by  streams  in  former  periods, 

105. 
Erosion  by  the  sea,  rates  of,  127. 
Erosion  by  the  waves,  106. 
Erosion  of  the  North  Shore  cliffs,  islets, 

and  ledges,  107. 
Erosion  of  the  Outer  reefs  and  flats,  114. 
Erosion  of  the  South  Shore  cliffs  and 

reefs,  119. 
Euconulus  turbinatus,  168,  170,  193. 
Eupoiymnia  magnifica,  147. 
Evolution  of  Greater  Bermuda,  57. 
Explanation  of  Map  I.  93. 
Extinct  Land  Snails,  74,  158,  190,  199. 
Fasciolaria  distans,  180.  189. 
Findlay.  A.  G.,  91. 
Fissurella  altemata=igraBca,  fossil,  1S3. 

F.  (Cremides)  barbadensis  =  antilla- 
rum,  fossil,  183. 

F.  Listeri,  fossil,  183. 
Fissuridea  altemata,  fossil,  188. 
Flatt's  Village,  93,  111,  136. 
Foraminifera,  fossil,  140,  188. 
Formation,  Devonshire,  75,  76,  199. 
Formation,  Paget.  199. 
Formation,  pliocene,  199. 
Formation,  Walsingham,  68,  199. 
Fort  Catherine,  eroded  rocks  near,  64. 
Fossil  birds  and  reptiles,  195. 
Fossil  casts  of  plants,  198. 
Fossil  hind-shells,  70, 158,  190-196,  199. 
Fossil  marine   shells,    73-80,   178-189, 

196,  199. 
Fossil  palmetto  stumps,  02,  72,  74,  79, 

80,  i7X'. 
Fossil  plants,  177,  198. 
Fossil  sea-turtles.  196. 
Fossils  of  asolian  limestones,  189. 
Fossils  of  the  Beach-rocks,  73-80,  178- 

18<J,  199. 
Fossils  of  Devonshire  formation,  178- 

189,  199. 
Fossils  of  Ireland  Island.  195. 
Fossils  of  uncertain  nature,  198. 
Fossils  of  the  Walsingham  formation, 

156,  158. 
Gastrochsena  rostrata,  borings,  150. 
Geology,  47. 
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Geology  and  Paleontology,  47-160. 

George's  Bank,  56. 

Gephyreans,  borings  of,  150. 

Gibb's  Hill  and  Light,  4^,  55,  93. 

Glacial  period,  58,  59. 

Globigerina  bnlloides,  J40. 

Globigerina-ooze,  (55. 

Glyphis  altefnata,  fossil,  18,i. 

Goat  Island,  fossils  of,  191. 

Goldie,  Prof.  T.  W.,  74. 

Goode,  G.  Brown,  185. 

Gorgonife,  96. 

Great  Breaker,  115. 

Great  Breaker  Flats,  91. 

Greater  Bermuda,  52,  58,  60,  87,  91, 105. 

Great  Sound,  72,  89,  90,  88-93. 

Great  Storms,  123,  132. 

Great  Turtle  Bay,  123. 

Greenland,  59. 

Green  turtles,  86. 

Gregory,  J.  W.,  77. 

Grottoes  and  cavernous  places,  110,  111, 

Gulf  Stream,  59,  60. 

Gulick,  Mr.  A.,  71,  159-161,  162,  163- 

171. 
Gurnets  Head  of  Castle  Island,  ^7. 
Halimeda,  189. 
Hamilton,  50,  75,  82,  88,  93. 
Hamilton   and   St.    George's    Harbors, 

peat  beds  in,  81 . 
Hamilton  Parish,  71. 
Harbors  and  Bays,  forming,  125. 
Harrington  House,  70,  84. 
Harriur.ton  Sound,  71,  84.  86,  88,  89. 

93,  98.  Ill,  112,  113,  t4A  195. 
Harrington  Sound,  cliffs   of,  111,  i/^, 

1L9. 
Harris  Island,  fossils  at,  185. 
Heilprin,  Angelo,  69. 
Helicella  ventricosa,  141. 
Helicina  convexa,  141. 
Helix  Hubbardi,  fossil,  169. 

H.  hypolepta,  fossil,  109. 

H.  Nelsoni,  f.issil,  160,  195. 

H.  ochraceus,  193. 

H.  Reiuiana,  fossil.  164. 
Heyl,  Mr.  J.  B.,  128,  130. 
Hippono«?  esculenta,  146. 
Hogiish  Cut,  91-93,  94. 
Holotburia  Rathbuni,  14S. 
Holothurians,  i;,?,  144. 
Hospital  Bay  Channel,  82. 
Hungry  Bay,  72,  79,  99,  126,  176,  189, 

190. 
Hurricanes,  127,  132,  133. 
Hyaliua  circumfirmatus,  166. 
Hyalina  Nelsoni,  fo.sail,  150. 
Idmouea  atlantica,  141,  14-^. 
Infiltration  by  sea  water  and  spray,  66. 
Intermediate  deposit,  69. 
Ipomaea  pes-capra,  on  sand  dunes,  154. 


Ireland  Island,  71,  77,  81,  98,  109,  115, 

124,  149,  151,  156,  179,  195. 
Ireland  Island,  cavern  at,  195. 
Ireland  Island,  fossils  at,  195. 
Ireland  Island,  rainfall  at,  104. 
Ireland  Island,  section  at,  177. 
Ireland  Island,  submerged  peat  bog,  177. 
Isopterygfium  tenerum,  156. 
Jones,  J.  M.,  88. 153, 162,  184, 198, 199. 
Joyce's  Cave,  70. 
Keel  Ned,  cottage  of,  152. 
Knapton  Hill,  71. 
Labrador  coast,  104. 
Land  Hermit  crab,  fossil,  156,  158,  196, 

J97. 
Landslides,  133,  134. 
LantauH  on  sand  dunes,  154. 
Leda  clay  Period,  199. 
I^dge  Flats,  116. 
Ledge  Flat  Cuts,  93,  94. 
Lefroy,  Governor,  87,  m,  155. 
Lempriere,  map  by,  137. 
Leodice,  borings  of,  150. 
Limestone,  compact,  68,  69. 
Limestone,  Devonshire  bench.  178. 
Limestone,  Walsingham,  178. 
Lion  Rock,  112. 
Lithophagns    appendiculatus,    borings 

of,  149,  150,  343. 

L.  bisulcatus,  and  niger,  150,  343. 
Lithothamnion,  118,  139,  187. 
Littorina  angulifera,  181. 
Livona  pica,  fossil,  59,  70, 156, 158, 182, 

189,  196,  f07. 
Long  Bar,  114. 
I^ng  Bar  Cnt,  93.  94. 
Long  Bird  Island,  78. 
Luciua  antillarum=L.  ornatum,  fossil, 

186. 
Lucina  pennsylvanica=:L.  grandinata= 

Luciua  speciosa,  fossil,  185. 

L.  pectinata=L.  pecten=L,  imbri- 
cata=L.  occidentalis,  fossil,  186. 

X.  tigrina,  fo&sil,  180. 
Luidia  clathrata,  habits  of,  146. 
Lyell,  SirCharies,  104,  13 1, ^172,  173. 
Madracis  decactis,  fossil,  187. 
Mseandra  areolata,  fossil,  187,  189. 
Maeandra  labyrinthiformis,  118. 
Mseandrina  labyrinthiformis,  177. 
Magnetic  variations,  53. 
Mangrove  Swamp,  154. 
Manicina  areolata,  fossil,  147. 
Manning,  Mr.,  analysis  of  soil,  75. 
Map  of  Bermuda,  9^!!. 
Maps,  Ancient,  137. 
Margaritophora  radiata.  fossil,  187. 
Marine  shells,  fossil,  196. 
Mark,  Prof.  E.  L.,  116. 
Marphysa,  150. 
Martinique,  55. 
May,  Henry,  102,  116,  130. 
Mechanical  action  of  rain-water,  104. 
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Melitta  sezfons,  146,  188. 
Melitta  testndinata,  fossil,  188. 
Miliolina  circularis,   venusta,  seminu- 

Inm,  pnlchella,  2^,  188. 
MiUepora  alcicornis,  77,  118,  Ul,  188. 
Mills  Breakers,  114,  115. 
Mills  Breakers  Cat,  93,  94. 
Mills  Breakers  Sound,  89. 
Milne,  Admiral  David,  85. 
Mingan  Islands,  pinnacled  rocks,  103. 
Modiola  tali  pa,  fossil,  186. 
Modulus  modulus=lentioularis,  fossil^ 

181,  182. 
Moeandrina  areolata,  fossil,  77. 
Moore,  GK)vemor  Richard,  131. 
Moore's  Calabash  Tree,  85. 
Morea,  elevated  beds  in,  104. 
Mount  I^ngton,  50. 
Mount  Pele,  55. 
Mullet  Bay,  99. 
Murez  brassica,  181. 
Murray  Anchorage,  88,  89,  90,  91,  93, 

138. 
Mycetophyllia  Lamarokana,  fossil,  77, 

79,  187-189. 
Mytilus  aduBtas=:ezustu8,  77,  843. 
Mytilus  ezustus,  fossil,  186,  343. 
Nantucket  Shoals,  56. 
Narrows,  91. 
Nassa  ambigua,  180, 
Natica  canrena,  fossil,  180. 
Natural  Arches,  98,  106,  111. 
Nelsonian  snail,  70,  72,  160. 
Nelson,  Lieutenant,  53,  71,  77,  78,  83, 

ai,  121,  131,  136. 
Nerita    peloronta,    and   N.   tessellata, 

fossil,  182,  183. 
Nerita  versicolor,  fossil,  188. 
New  England,  51,  59. 
Nicidion,  150. 
Nodosaria  mucronata,  I40. 
Nonesuch  Island  and  Quarantine,  93. 
Noniomina  depressula,  1^0. 
North  Rocks,  65,  115,  116,  117,  128,  131. 
North  Rocks  in  former  times,  128,  129, 

131. 
North  Rocks,  Northeastern  Cut,  91,  98, 

94, 115,  128,  132. 
North  Rock  Sound,  89,  91. 
Norwood,  Richard,  129,  131.  137. 
Norwood's  map,  129,  131,  151-154. 
Nova  Scotia,  53,  59,  61. 
Oculina  diffusa,  tJ^l. 
Old  Church  Rocks,  63,  109. 
Old  Fort  Island,  191. 
Oleanders,  on  sand  dunes,  154. 
Oliva  reticulata,  fossil,  180. 
Olivella  oryza,  fossil,  180. 
Ophionereis  reticulata,  146. 
Orbicella  cavernosas O.  radiata,  fossil, 

187. 
Orbiculina  adunca,  I40. 


Orbitolites  marginalis  and  O.  dup  ex, 

140. 

O.  complanata,  140,  188. 
Orbulina  universa,  I40. 
Ordnance  Island,  136. 
Osmunda  cinnamomea  and  regalis,  156. 
OstraBa  frons,  fossil,  187. 
Paget  formation,  190,  199.' 
Paget  formation,  fossil  birds  in,  151. 
Paget  formation,  fossil  marine  shells  in, 

196. 
Paleontology,  158-198. 
Paleontology,    Bermuda,   synopsis    of, 

199. 
Palmetto,  59. 
Palmetto,  root  of,  174. 
Palmetto  stumps,  fossil,  72,  74,  79,  80, 

172. 
Paynter  s  Vale,  70-78. 
Pear  Island,  71. 
Pearl  Oyster,  fossil,  187. 
Peat  Bogs,  81,  151,  155,  177. 
Peat  Bogs  and  Marshes,  85,  155. 
Peat,  nature  of,  156. 
Pectinaria  regalis,  148. 
Pectunculus  undatus,  fossil,  186. 
Pembroke  Marsh,  87,  155. 
Peneroplis  pertusus,  IJ^O,  188. 
Peniston,  Miss  Mary,  collection  of  shells, 

181. 
Peniston's  Cave,  70,  83.  84,  184. 
Peniston's  Pond,  51,  126. 
Period,  Champlain,  199. 
Period,  Devonshire,  189. 
Period,  Glacial,  199. 
Period,  Pleistocene,  199. 
Period,  Pi^et,  189. 
Period,  Pliocene,  199. 
Period,  Poscilozonites,  199. 
Period,  Leda-Clay,  199. 
Period  of  reelevation,  199. 
Period  of  subsidence,  199. 
Phacoides  pennsylvanicus,  fossil,   185, 

189. 
Phacoides  pennsylvanicus,  var.  somer- 

sensis,  fossil,  185,  189. 
Phyllis'  Island,  fossils  on,  185. 
Physcosoma  varians,  borings  of.  150. 
Pilsbry,  H.  A.,  15»,  162,  163,  192. 
Pimlico,  195. 
Pinnacles,  108. 

Plants  and  animals  introduced,  60. 
Plants,  fossil,  177. 
Plezaura,  96. 

Pliocene,  Bermuda,  52,  57,  68. 
PoBcilozonites,  56,  58,  59. 
Poecilozonites  bermudensis,  71,  73,  81, 

141,  159,  164,  192. 

P.  bermudensis,  var.  zonatus,  fossil, 
164,  191. 

P.  circumfirmatus,  141, 165, 166, 193. 

P.   circumfirmatus,  var.    discrepang, 
,         165,  167,  193. 
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Poecilozonites  cupula,  167, 

P.  Dalli,  167, 
PoBcilozoniteg  Nelsoni,  fossil,  68,  77,  80, 

87,  158,  159,  160,  i6*;?-166,  171,  179.     , 

P.  Nelsoni,  var.   callosus,   159,   16S,  \ 
168. 

P.  Nelsoni,  var.  oonoides,  160,  168. 

P.  Nelsoni,  var.  discoides,  159,  160, 
161. 

P.  Nelsoni,  var.  Nelsoni,  162,  163. 

P.  Reinianns,  fossil,  164,  193. 

P.  Reinianns,  var.   antiqnns,   fossil, 
165. 

P.  Reinianns,  var.  Goodei,  164,  165, 
166,  193. 
Poecilozonites  Period,  199. 
Polygyra  microdonta,  141,  193,  19^, 
Polyti-ema  miniacenm,  139,  188. 
Pontes  astreoides,  118,  122. 
Post-glacial  Bermnda,  60. 
Post-glacial  period,  61,  75. 
Pot-holes,  74,  119,  120,  ISl, 
Prospect  Hill,  75. 
Prospect  Hill,  section,  190. 
Prospect  Observatory,  Rainfall  at,  104. 
Psendatoll,  Bermnda,  58. 
Pteris  aqnilina,  156. 
Pnffinns  Andnboni,  and  P.  cinereus, 

195. 
Pnllastra  or  Callista,  fossil,  184. 
Pnllastra  perovalis,  184,  189. 
Pnlmonata,  fossil,  158,  190. 
Pnlpit  Rock,  65,  109,  115, 
Pupa  marginata,  194, 
Pupa  pellncida,  169. 
Pnpa  (Bifidaria)  mpicola,  19^. 
Pnpa  servilis,  and  P.  jamaicensis,  169, 

m. 

Pnpoides  mar^inatns,  194. 

Purpura  deltoidea,  and  P.  htemastoma, 

fossil,  179. 
Quaternary  time.  61. 
Radiolarians,  139. 
Rainfall.  104. 
Reach.  The,  82. 
Red-clay  breccias,  70. 
Red-clay  layers,  74. 
Re^levation  of  Bermuda,  61,  97. 
Reptiles,  fossil,  195. 
Rice,  Prof.  W.  N.,  69,  72,  73,  76,  78, 

174,  179. 
Rock  Cockle,  fossil,  186. 
Rumina  decollata,  141. 
Sagebush,  on  sand  dunes.  154. 
Saint  David's  Island,  93,  109,  110. 
Saint  George's  Harbor,  81,  82,  87,  89, 

90,  93. 
St.  George's  Island  and  Town,  70,  72, 

93,  104,  105.  109,  124,  180. 
Saint  George's,  i*ainfall  at,  104. 
Saint  Lucia,  55, 
Sand  beaches,  111. 
Sand-doUar,  146. 


Sand  dunes,  151,  152,  153. 

Sand  glacier,  152,  158. 

Sand  pipes,  172,  178. 

Sands,  shell,  origin  and  nature  of,  138, 

139. 
Sands,  unconsolidated,  65,  139. 
Sargassam,  118. 

Scaevola  lobelia,  on  sand  dunes,  154. 
Scala,  sp.  and  Scala  scaberrima,  fossil, 

182,  189. 
Scaur,  The,  126. 
Schizoporella  isabelliana,  141- 
Seal  of  Bermuda  Company,  129. 
Seaside  grasses,  on  sand  dunes,  154. 
Sea-turtles,  fossil,  174,  196. 
Sections,  50,  54,  79,  112,  123,  124. 
Section  at  Ireland  Island,  177,  178. 
Serpuline  atolls  or  *'boilere",  79,  121, 

123 
Sharks  Hole,  71,  84,  113. 
Shearwater,  195. 
Shell  sand,  composition  of,  142. 
Shell  sands,  origin  of  the,  188,  139. 
Shelly  Bay,  78,  111,  128,  186,  151,  152, 

154. 
Shelly,  Mr.  Henry,  154. 
Ship-channel,  main,  91,  93. 
Ship-worms,  82. 
Siliquaria  rosea,  fossil,  182. 
Siliquaria  ruber,  139. 
Silting  of  harbors,  135. 
Siphonaria  altemata,  183. 
Smith,  Capt.  John,  129. 
Somerset  Isbind,  68,  93,  106,  109. 
Sommer  Islands,  129. 
Sounds,  or  eroded  valleys,  submerged, 

88. 
Southampton  fort,  47*. 
Southwest  Breaker,  114,  121. 
Spanish  Rock,  101,  102,  103,  104,  110. 
Spanish  Point,  110. 
Sphagnum    cuspidatum  and  cymbifo- 

lium,  156. 
Spondylus  americanus,  fossil,  186. 
Staggs,  110. 

Stalagmites  and  stalactites,  81,  83,  86. 
Stevenson,  Prof.  John  J.,  69,  73,  76, 

78,  80,  81. 
Stichopus  Mobii,  143. 

S.  diaboli  and  xanthomela,  144. 
Stocks  Point,  72,  78. 
Stokes'  Bay,  135. 

Strobila  Hubbardi,  fossil,  168,  169. 
Strobilops  Hubbardi,  fossil,   168,  169, 

199. 
Strombus  co8tatus=accipitrinus,  fossil, 

180,  181,  189. 
Strombus,  fossil,  78. 
SubaSrial  erosion  due  tc  carbonic  acid 

99. 
Submerged  caverns  and  sinks,  88. 
Subsidence,  60,  81-87. 
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Subsidence,  evidences  of  from  sub- 
merged sinks,  sounds,  and  channels, 
81,  83,  87. 

Subnlina  octona,  141. 

Surface  hardening,  6*j^,  66. 

Succinea  barbadensis  and  S.  somersen- 
sis,  171,  IH. 
S.  bermudensis,  171,  194. 

Synapta  acanthia,  S.  inhnerens,  146. 
S.  roseola,  7^5,  146. 

Synopsis  of  Bermuda  Paleontology,  199. 

Swamp  ferns,  156. 

Swamp.  Devonshire,  155. 

Swing  Bridge,  82. 

Tectarius  muricatus,  181. 

Tellina  laevigata,  fossil,  184. 

Tellina  (Angulus)  promera,  fossil,  184. 

Tenagodus  ruber,  fossil,  182. 

Teneriffe,  55. 

Teredo,  82. 

Textularia  concava,  T.  luculenta,  T.  tro- 
chus,  140,  188. 

Thomson,  Sir  Chas.  Wyville,  144,  153, 
172,  175,  177. 

Thysanophora  hypolepta,  fossil,  168, 
169. 

Tidal  streams  of  Castle  Harbor,  84. 

Tobacco  Bay,  6'4,  98,  108,  104,  109,  118. 

Tomlin's  Narrows,  fossils  in,  178. 

Tower  Hill,  fossils  at,  193. 

Tozopneustes  variegatus,  144,  I46. 

Trivia  quadripunctata  =  T.  rotunda, 
fossil,  180. 

Truncatella  caribseensis,  141. 

Trunk  Island,  71,  114. 


Tucker,  Gov.  D.,  151,  154,  155. 

Tucker's  Island,  83. 

Tucker's  Island  cavern,  72,  83. 

Tucker's  Town,  71,  72,  119,  135. 

Turtles,  fossil,  196. 

Udotea,  139. 

Ultimus  gibbosus,  fossil,  180. 

Unconsolidated  sands,  65,  139. 

Venus  or  Chione,  fossil,  184,  189. 

Venus  pennsylvanica,  fossil,  185,  197. 

Vermetus  lumbricalis,  fossil,  182. 

Verrill,  A.  Hyatt,  72, 112, 143,  145, 150. 

Verrucella,  96. 

Vertigo  Marki,  fossil,  170. 

V.  numellata,  fossil,  170. 
Volcanic    character    of    the    Bermuda 

Foundation,  53. 
Voluta  musica,  181. 
Walsingham,  69. 

Walsingham  caves  and  sinks,  70,  84,  85. 
Walsingham  Formation,  67,  68,  119. 
Walsingham  formation,  fossils,  158, 199. 
Walsingham  house,  70. 
Webb's  Pond,  86. 
Western  Blue  Cut,  93,  94. 
West  Indian  Islands,  upraised,  56. 
Whale  Bay,  123. 
Whelk,  fossil,  156,  158, 107. 
Whitfield,  R.  P.,  162. 
Woodwardia  virginica,  156. 
Wreck  Hill,  48,  114. 
Zonites  bermudensis,  192. 
Zonitoides  Bristoli,  fossil,  lG7y  168. 
Z.  minusculus,  168. 
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Acanthastrsea  dipsacea,  280. 
Acropora  mnricata,  207,  209,  246. 

var.  cervicomis,  var.  palmata,  var. 
prolifera,  200. 
Actinacea.  286,  248. 
Actinaria,  248. 
Actinia  annnlata,  249. 

bermndensis,  25(),  J57. 

var.  pninicolor,  J57. 

crucifera,  272. 

flosculifera,  266. 

melanaster,  2o7,  ^58. 

osculifera,  275. 

solifera,  251. 
Actinobranchiae,  i270. 
Actinodactylus  Boscii,  272. 

neglectns,  271,  272, 
Actinodendron,  273. 
Actinoides  pallida,  262.  26^5. 


Anthea  gigantea,  258,  260. 

Anthozoa,  208. 

Antinedia  Ducbassaingi,  A.  tubercolata, 

298. 
Aplysina  fiBtnlaris  and  A.  hirsnta,  332. 
Area  now,  847. 

occidentalis,  847. 

sccticostata,  847. 
Arcesias  hostilis,  889. 
Asteractis  flosculifera,  SOG^  272. 
Asterias,  hybrids,  275. 
Asterias  (or  Stolasterias)  tenuispina,  319. 
Asterina  folium,  825. 
Asteriscus  folium,  325. 
Asterioidea,  8,  24. 
Astriea  ananas  and  coarctata,  219,  247. 

cavernosa,  284. 

decactis,  239. 

siderea,  245. 


Actinostella  flosculifera,  formosa,  266,    Asti'oporpa  afiinis,  829. 


267,  268. 
Actinotryx  sancti-tbomaB,  276,  277. 
Adamsia  palliata,  264,  265. 
Agaricia  agaricites,  209,  246. 

fragilis,  209,  240y  247. 
Aga.s8iz,  Alexander,  218,  226. 

Prof.  Lonis,  215,  219,  224,  226,  286, 
248. 
AgeUdae,  888. 
Aiptasia  annulata,  249,  250. 

var.  solifera,  250,  251. 

var.  monilifera,  250,  251. 

diaphana,  254. 

pallida,  258. 

tagetes,  251,  252,  255, 

var.  bicolor,  252. 

var.  spongicola,  252. 
Alcyonaria,  276. 
Alcyonium  mammillosum.  28^1 
Amphimidon  variabilis,  889. 


Anlactinia  stella,  261. 

stelloides,  261. 
Axhelia  decactis,  289. 
Axinella  appressa,  840. 

angnlosa,  841. 

pennata,  841. 

rosacea,  841. 

rudis,  841. 

Walpersii,  341. 
Axinellidce,  888. 
Axinelloidea,  888. 

Bergia  catenularis,  295. 
Bermuda  lobster,  205. 
Bibliography    of    Bermuda    Actinaria, 
248,  249. 
'Alcyonaria,  296. 
corals,  206,  207. 
Echinoderms,  320. 
Sponges,  882. 


Amphipholis  Goesi  and  A.  squamata,    Boring  Sponge,  848. 


825. 
Anemone,  cross-barred,  272. 

Dark-star,  257,  258. 

Gill  bearing,  2(i9. 

Pink  -  tipped,  258. 

Prune- colored,  2,'i7. 

Ringed,  249,  25n. 

Small  stellate,  201. 

White-specked,  251,  252. 

White-striped,  274,  275. 
Anemonia  elegans,  261. 
Angel  Fish.  848, 
Antedon,  819,  329, 


Brain  Coral,  210,  211,  218,  214. 

Brissus  unicolor,  822. 

Bnnodactis  stelloides.  261,  202. 
•         var.  catenulata.  262,  268. 
var.  cameola,  262,  268. 
versus  Cribrina,  264. 

Bunodella  stelloides,  262. 

Bunodes,  264. 

Bunodopsis  globulifera,  279. 

Bunodosoma,  265. 
!  Bush  Corals,  285. 

i  Cactus  Corals,  225,  226,  227,  228. 
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Calliactis  effoeta,  265. 
Callyspongia  Eschrichtii,  835. 
Cereactis  bahamensi8,*258. 
Cereus,  264. 

bellis,  265. 
Ceriantbus  natans,  279. 
Cheetodon  striatuB,  348. 
Chalinidffi,  333,  334. 
Chalinoidea,  333. 
Challenger  Bank,  246. 
Chirodota  rotifera,  321. 
Chondrilla  nncula,  S34. 
Chondrillid®,  333,  334. 


Dominica  Island,  234. 
Doubtful  species  of  Qorgoniae,  317. 
Duchassaing  and  Michelotti,  22^),  225. 
Duerden,  Dr.  J.  E.,  208,  211,  213,  220, 

243,  244,  251,  253,  270,  273,  275,  279, 

295. 
Dysidea  fragilis,  332. 

Echinodermata,  319. 
Echinoderms,  319. 
Echinoidea,  322. 
Echinometra  subangularis,  324. 
Echinonemata,  833. 


Chondrocloea  (or  Synapta)  vivipara,  321,  Eobinoneus  semilunaris,  322. 

323.  EctyonidaD,  333. 

Oidaris  tribuloides,  822.  Edwards! a, 

Cladocora  arbuscula,  209.  Epicystls  crucifera,  271,  272,  273. 


Clathriadae,  333. 

Clavata,  833. 

Cliona  caribbssa,  3^3, 

cribraria,  342. 

viridis,  343. 
CHonidae,  334,  342. 


formosa.  274,  '275, 

loligo,  273. 

osculifera,  274. 
Epizoanthus,  290. 
Esperellidifi,  333,  338. 
Espeiiopsis  fragilis,  388. 


Colors  of  the  reef  corals  and  actinians,  '  Eunicea  anceps,  310. 


210. 

Colpophyllia  gyrosa,  209,  236. 
Conch,  pink,  348. 

Condylactis  gigantea,  248,  256,  258, 259, 
271,  280. 
passiflora,  258,  259, 
Cook,  F.  C,  Composition  of  Gorgonlan 

Corals,  298,  299,  803,  305. 
Corals,  colors  of,  210. 
distribution  of,  209. 
great  age  of,  210. 
natural  grafting  of,  211. 
origin  of,  208. 

spurious  and  superfluous  species  of, 
246. 
West  Indian,  209. 
Corticifera  flava,   283;   glareola,    283; 
lutea,  283. 
ocellata,  285. 
Cow  Fish,  348. 
Cowrie,  348. 

Cradactis  fasciculata,  266. 
Cribrina  bellis,   effoeta,   polypus,  264, 
265. 
carciniapodos=palliata,  265. 
Cribrochalina  Bartholmei,  337. 
Crinoidea,  329. 
Cuccumaria  punctata,  S21, 
CyprsBa  exanthema,  348. 

Dendrogyra  cylindrus,  209. 
Dendrospongia  crassa,  332. 
Desmacella  jania,  338. 
DesmacellidsB,  333,  338. 
Desmacidontoidea,  333. 
Diadema  setosum,  205,  323, 
Dichocajnia  Stokesii,  209. 
Diplactis  bermudensis,  256,  257. 
Diploria  cerebriformis,  210,  247. 


atra,  315. 

crassa,  313,  315. 

grandis,  813. 

Umiformis,  311. 

lugubris,  316. 

msidrepora,   311  ;  mammosa,    311. 

microthela,  311. 

multicauda,  315. 

muricata,  311. 

pseudoantipathes,  217,  312. 

ramulosa,  305. 

Toumeforti,  312. 

turgida,  315. 
Eunicella  microthela,  811. 

palma,  299. 
Euniceopsis  aspera,  312. 

atra,  314,  S15. 

crassa.  312,  315. 

grandis,  312,  313,  3U, 

hirta,  laciniata,  lugubris,  312. 

multicauda,  312,  315. 

Rousseaui,  312. 

Toumeforti,  311,  312, 

turgida,  315. 
Eusmilia  aspera,  209. 
Evactis  artemisia,  265. 

Favia  fragum,  219,  247. 
Finger  Coral,  317. 

Gelliodidae,  333. 
Gemmaria,  287. 

Riisei.  283. 
Geodia  gibberosa,  335. 

Heterorhaphida,  383. 

Homorhaphida,  333. 
Goode,  G.  Brown,  235,  256,  264,  266, 

271,  331. 
Gorgonacea,  296, 
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Gorgonia  acerosa,  298,  299. 

americana,  299,  300. 

angaicalas,  802. 

antipathee,  305,  806,  811. 

citrina,  300,  SOI, 

crasaa,  307,  317. 

dichotoma,  310. 

flabellum,  297,  298. 

flavida,  805. 

flammea,  299. 

heteropora,  310. 

homomalla,  304.  ' 

malticauda,  307,  317. 

mnricata,  301.  < 

palma,  299.  I 

piDnata,  299,  300. 

porosa,  307. 

pseudo-antipathes,  312,  817. 

pumila,  300. 

purpurea,  317. 

sangainolenta,  299. 

setosa,  299. 

splcifera,  805. 

turgida,  300. 

vermicalata,  310,  317. 
GorgoniflB,  doubtftd  species  of,  317. 
Grapples,  205. 

Haddon,  A.  C,  264. 
Hat-coral,  SJ^. 

Heilprin,  Gorgonians  recorded  by,  317. 
Hermodice  caruncnlata,  347. 
Hesione  prsetexta,  347. 
Heterocliona  cribraria,  342. 
HipponoS  esculenta,  324. 
Hlrcina  acnta,  882. 

armata  and  vars.  fistularis,  margin- 
alls,  cylindrica,  columnaris,  382. 
Hog  Fish.  848. 

Holothuria  abbreyiata  and  H.  captiva, 
821 

fl'oridana,  322. 

snrinamensis,  S22, 

Ratbbnni,  145,  821. 
Holothnriaus,  820. 
Holothnrioidea,  320. 
Hoplophoria  coralligens,  272. 
Hyatt,  Prof.  Alpheus.  331,  832. 
Hydroid  corals,  210. 
Hydrozoa,  317. 

Hyanthopsis  lougifilis,  280. 

Iodine  contents  of  gorgonians,  Mendel 

and  Cook,  298,  299,  303,  305. 
Isanrus  Dnchassaingi,  293. 
tuberculatutt,  293,  S94, 
Isophylliaaspera,  cylindrica,  knoxi,  225, 

247. 
Isophyllia  dipsacea,  220,  225,  226,  227. 
247. 

"  fragilis,  220,  247. 
marginata,  229,  2:^1,  247. 
multiflora,  229. 


Isophyllia  mnltilamella,  229,  247. 

rigida,  229. 

spinosa,  232,  247. 

australis,  strigosa,  220,  247. 
Ivory  Coral,  SS7,  t58, 

Jania,  388. 

Keratosa,  881,  382. 

Keiliker,    Albert,    gorgonian    spicules 
sent  by,  805,  306. 

LAchnolaimus  maximus,  848. 
Lactophrys  tricomis,  848. 

triqueter,  848. 
Lebrunia  Danae,  iS69,  tlO,  271. 

neglecta.  269,  271. 
Lesueur,  276. 
Linckia  Guildingii,  318. 
lathophyllia  argemone,  220. 

australis,  231. 

cubensis  and  lacera,  220,  247. 

mnltilamella,  231,  232. 

spinosa,  281,  282. 
Lobster  traps,  205. 
Lophactis,  269. 

Luidia  clathrata,  habits  of,  146,  824.      . 
Lycodontis  funebris,  347. 

moringa,  347. 

Madracis  decactis,  2S9y  247. 
Madrepora  cerebrum,  213. 

muricata,  var.  prolifera,  209,  246 
labyrinthica,  216. 
porites,  240,  241. 
radians,  242. 
Madreporaria,  206. 
Mseandra  areolata,  209. 

cerebrum,  213,  21ky  ^15,  216,  219, 
324. 

var.  strigosa,  213,  €15,  216. 
clivosa,  209,  216,  217,  218,  219. 
labyrinthif  ormis,  210, 211, 212,  247. 
var.  Stokesii,  212. 
Meeandrina  labyrinthica,  213,  247. 
labyrinthif  ormis,  218. 
sinuosa,vars.  limosa,  rubra,  vineola, 
viridis,  213,  214,  217,  218. 
sinuosissima,  213,  247. 
strigosa,  213,  215.  216,241. 
Margaritophora  radiata,  347. 
;  Mammillifera  tnberculata,  293. 
iMcMurrich,  J.  P.,  251,  253,   256,  260, 

264,  265,  267,  271,  272,  276,  283. 
Meandrina  meandrites,  209. 
I  Meandrites,  215. 
Melitta  hexapora,  322. 
I  Mendel,  L.  B.,  On  occurrence  of  Iodine 

in  Corals,  298,  299,  303,  305. 
I  Metridium,  264. 

concinnatum,    mucosum,     praetex- 
I      tum,  268. 
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Millepora  alcicoiiiis,  S17. 

var.  carthageniensifl,  318. 

var.  moniliformis,  318. 

var.  ramosa,  818. 

nitida,  319. 
Millepora,  polj'ps  of,  .S17. 
Monaxonida,  333. 
Moray,  greeo,  348. 

spotted,  348. 
Muricea  muricata,  301,  SOS. 

spicifera,  301. 
Mnssa  angulosa,  200. 

(Symphyllia)  annectens,  ^28,  231. 

(Isopbyllia)  dipsacea,  225,  247. 

dipsacea.  var.  aster,  S'S7,  2S8. 

(IsophyJMa)  fragilis,  220,  221,  SSS, 

231,  247. 
hispida,  233. 

(IsophyUia)    multiflora,   229,    f^SO, 

232,  247. 
rigida,  229,  230. 
rosula,  229,  f.W. 

species  recorded  by  Qnelch,  Addi- 
tional notes  on,  231.  247. 
Mycedium  fragile,  245. 

Nippers,  205. 

■Octopus,  205. 
Oculina  bermudensis,  247. 

bermudiana,  237. 

coronalis,  2S8,  247. 

diflEnsa,  208,  2:^5.  236,  247. 

pallens,  SS8,  247. 

speciosa,  238,  247. 

Valeucienncsi,  237,  238,  247. 

varieosa,  236,  257,  247. 

var.  conigera,  237,  238. 
Oligosilicina,  333. 
Ophiactis  Krebsii,  328. 

Mulleri,  328. 

Savignyi,  328. 
Opbidiaster  omithopus,  318. 
Ophiocoma  crassispina,  327. 

ecbinata,  327. 

pnmila,  328. 

Riisei,  328. 
Ophioderma  antillamm,  325. 

brevicauda,  326. 

cinerenm,  325. 

olivacenm.  326. 

serpens,  326. 

virescens,  326. 
Ophiolepis  pancispina.  335. 
Opbiomyxa  flaccida.  32y. 
Ophionereis  reticulata,  325. 
Ophiopsila  Riisei,  328. 
Opbiostigma  isacanthum,  325. 
Ophiothrix  angulata,  327. 

Suensonii,  327. 

violacea,  327. 
Ophiura  angulata,  327. 

appressa,  326. 


Opbiura  brevicauda,  326. 

brevispina,  326. 

cinerea,  325. 

ecbinata,  327. 

flaccida,  329. 
Opbiurans,  325. 
Opbioroidea,  325. 
Orbicella  annularis,  232,  233. 

acropora,  233. 

cavernosa,  234. 
Oscarella,  343. 
Osculina,  343. 
Oulactis  Dana?,  269. 

fasciculata,  flosculifera,  256. 

formosa,  268. 

mucosnm,  268. 

Pacbycbalina  cellulosa,  335. 

elastica,  336. 

micropora,  3,V. 

millepora,  336. 

monticuiosa,  336. 
'  Palythoa  caribteorum,  283. 

cinerea,  flava,  283. 

grandiflora,  285,  ^486. 

mammillosa.  249,  280,  28:3,  28 4. 
Pandaros,  341. 
Papilella,  343. 
Papillina,  343. 

cribraria,  342. 
Paranthea,  pallida,  253,  254. 
Parazoanthus  parasiticus,  294,  ''^05,  335. 

separatus,  295. 
Parrot  Fisb,  347. 
Pearl  Oyster,  .47. 
Pecten  ziczac,  3^7. 
Peracca,  Count  M.  Q.,  223. 
Phellia  clavata,  254. 

nifa,  254,  SfJJ,  266. 

var.  nigropicta,  254,  255. 

simplex,  279. 
Phyllactis  concliilega,  flosculifera,  and 

pnetextum,  268. 
Pbyllangia  americana,  209. 
Pby  man  thus  crucifera,  23:J. 

crucifenis,  272. 

loligo,  273. 
Pilot  Fish,  347. 
Platygyra  viridis,  213. 
Plesiasti-aea  Goodei,  234,  235. 
Plexaura  anguiculus,  303,  317. 

antipathes,  305,  306. 

crassa,  306. 

dichotoma,  310. 

Ehrenbergii,  306. 

Esperi,  305,  306,  308. 

flavida,  3^(5. 

flexuosa,  3u2.  303,  307,  317. 

friabilis,  307. 

heteropora,  310. 

homomnlla,  304,  305. 

macrocvthara,  307. 

multicauda,  307,  317. 
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Plexanra  matica,  308,  304. 

poroas,  307. 

salicomoides,  802. 

Valenciennesi,  308. 

vermiculata,  810. 
Plexaureila  anceps,  310. 

dlchotoma,  310,  311, 

nutans,  810. 

vermiculata,  810. 
Plezanropsls  bicolor,  S05,  809. 
Polymastia  yaria,  841. 
PolymastidfiB,  334,  341. 
Porifera,  820. 
Pontes  astreoides,  209,  ii40y  S4I. 

clavaria,  ^^i,  247. 

furcata,  209,  241. 

polymorpha,  241. 

porities,  var.  clavaria,  i'40,  UU  242, 
247. 
Ponrtalfes,  L.  F.  de,  226,  286. 
Protopalythoa  grandis,  280,  281,  282. 

Heilprini,  28^5. 
Pseudoplexaura  crassa,  $07, 
Pteria  radiata,  347. 
Pterogorgia  acerosa,  299. 

americana,  300. 

fillisiana,  fasciolaris,  300. 

pinnata.  299,  300. 

sancti-thoma^,  300. 

setosa,  299. 

Sloanei  and  targida,  299,  300. 

Qnelch,  John  J.,  209,  228,  225,  %n,  247. 

Red  anemone.  S56. 
Reef-corals.  206,  209. 
Reniera  fibtilata,  338. 
RenieridaB,  333. 
Rhipidogorgia  flabellum,  297. 
Rhodactis  Dauae.  269. 

oHcnlifera,  277. 

sancti-thomro,  276. 
Rice,  Prof.  Wm.  N.,  on  zottids  of  Mille- 
pora,  319. 

Collection  of  Sponges,  381. 
Rock  Cockle,  347. 

Rose  Corals,  220,   221,   225,  226,  227, 
229,  2J0. 

Scarlet  Sponge,  332,  333,  339. 
Scams  vetula,  848. 
Scyllarides,  205. 
Scolymia,  223. 
Sea  Anemones,  236-248. 

Cat,  346. 

Cucumbers.  U-i.  145,  J21,  322. 

Fan,  296,  297,  2(*8. 

Ginger,  317,  319. 

Plume,  296,  298. 

Urchin,  Long-spined,  323. 

urchins,  146.  822. 
Semperia  bermudensis,  321. 
Seriola  zonata,  848. 


Serpent-stars,  348. 
Sertularella  Oayi,  318,  319. 
,  Shade-coral,  24S. 
Siderastrcea  galaxea,  242,  247. 

radians,  209,  S4£,  243,  244,  247. 

siderea,  243,  244. 
Siphonochalina  papyracea,  334. 

stolonifera,  385. 
Solenastnea  hyades,  209. 
Sonrel.  Mr.  A.,  226. 
Spanish  lobsters,  205. 
Spinosella  sororia,  294,  331,  834,  34O, 

stolonifera,  !^i5. 
Spirastrella,  344,  347. 
Spirastrellidae,  3*34. 
Sponges,  330. 
Spongelia  fragilis,  832. 
Spongia  anomala,  382. 

Bartholmei,  337. 

cerebriformis,  var.  obscura,  332. 

corlosia,  var.  elongata,  332. 

goBsypina,  332. 

lapidescens,  and  vara,  conigera  and 
turrita,  382. 

lignea,  var.  crassa,  832. 

punctata,  var.  bermudensis,  382. 
Star  Corals,  219,  233,  234.  235,  242. 
Starfishes,  824. 
Stauractis  incevta,  271 . 
Steletta,  383. 

StichopuB  MUbii,  I43,  320. 
StrombuB  piga8,'348. 
Suberitidae,  334. 
Suberitoidea,  833. 

Symphyllia  aglae.  anemone,  and  aspera, 
220,  223,  224,  225. 

eonferta,  220,  223. 

cylindrica.  and  knoxi,  223, 225,  226. 

dipsacea,  225. 

fragilis,  220. 

vars.  strigosa  and  asperula,  224. 

guadalupensis,  223. 

helianthus,  181,  224,  225. 

margin nta,  232. 

strigosa  and  thomasiana,  220. 

verrucosa,  225. 

Tedania  ignis,  381,  389,  S40. 

digitata,  var.  bermudensis,  339. 

Tedanidre,  333,  339. 
I  Tedaninap,  339. 

Terpicis  jania,  338. 
j  Tethys  dactylomela,  347. 

Thalisias  ignis,  339. 
,  Toxopneustes  variegatus,  14G,  322. 
I  Trunk  Fish,  348. 

Tuba  sororia,  335. 
I  Tube-sponge,  294,  831,  382-8:34. 


Urticina,  264. 

Vaughan,  T.  Wayland,  218,  223,  226 
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Verongia,  332. 

Verongnla    aarea,  celluloBa,   gigantea, 

pnetezta,  rigida,  332. 
Verrill,  A.  Hyatt,  257,  260,  305,  344. 
Vermcella  grandis,  916. 

Weinland,  Dr.,  260. 

Xiphigorgia  ameiicana,  citrina,  300. 

Zoaotbacea,  249,  280. 

undetermined  species  of,  295. 


Zoanthns  Danee,  287,  289. 

lios-marinus,  287,  290. 

dnbins,  291,  £9e,  298. 

nobilis,  291, 

nymphoBa,  293. 

parasiticus,  295. 

proteus.  £f87,  fS88,  290,  293. 

pulchellus,  287,  289,  291,  293. 

sociatus,  288,  289,  290,  291. 

Solandri,  289,  290,  292. 

tubercnlatns,  293. 
Zooxantbellse,  206,  210,  218,  236. 


ERRATA. 

Page  64  [20],  line  4,  from  bottom,  for  xxiii,  read  xxii. 
Page  65  [21],  line  21,  for  lime,  read  limestone. 
Page  71  [27],  line  3  from  bottom,  for  zonata,  read  zonatus. 
Page  77  [33],  line  23,  for  adustus,  read  exustus, 

[33],  line  24,  for  Polytremacis^  read  Polytrema, 

Page  150  [106],  line  4,  for  Lilhophaqa^  read  LUhophagus. 

line  5,  for  nigra,  read  niger, 

line  7,  for  appendiculata,  read  appendicidatus  and 

for  bisulcata,  read  bisulcatus. 
Page  216,    line    9.;  219,  line  17;  233,  line  9  ;  236,   line    14; 

241,  line  18  ;  244,  line  21,  for  1902  read  1901. 
Plates  XXXIV  d  and  xxxiv  e  were  erroneously  numbered. 
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LizABD,  Anniella.    By  W.  R.  Coe  and  B.  W.  Kunkel. 


Page  numbers  in  italics  refer  to  pages  on  which  illnstTationB  occur. 


'  Kunkel,  B.  W. ,  on  urogenital  oi'gans  of 
AnnieUa,  371. 


Abbreviations,  399. 

Alimentary  canal,  353,  354y  355y  356. 

Amphisb^na,  377. 

Angnidffi,  350.  ,  l^acerta,  brain  of,  389. 

Anguis,  3o0,  353,  854,  355,  356,  380,  383,  '  Liver  of  Anniella,  357. 


390,  391,  393,  396. 
Anniella  pulchra,  349,  350,  351. 
A.  nigra,  350. 
A.  texana,  850. 
AnnielUdaB,  350. 
Anolis,  pineal  eye  of,  886.    . 
Anops,  377. 

Bibliography,  397. 
Brain  of  Anniella,  386. 

Cloaca  of  Anniella,  377,  379. 

Cloacal  glands,  382. 

Coe,  W.  R.,  on  habits  and  visceral  anat- 
omy, 350. 

Coe,  W.  R..  urogenital  organs  of  Anni- 
ella, 371.' 

Copulatory  organs,  383. 

Dermal  ossifications,  366. 

Explanation  of  Plates,  399. 

Habits  of  Anniella,  351. 
Hatteria,  380. 
Helodermatidse,  350. 

Iguana,  brains  of,  390. 

Kidneys  of  Anniella,  380. 

Kunkel,  B.  W. ,  on  brain  and  pineal  ap- 
paratus, 386. 

Kunkel,  B.  W.,  on  external  anatomy, 
361. 


Lungs  of  Anniella,  360. 

Ovaries  and  oviducts,  373. 
Oviducts,  374. 

Pacific  Grove,  Cal.,  351,  352,  371. 
Pancreas,  358,  359. 
Pelvis  of  Anniella,  371. 
Pineal  Eye  of  Anniella,  391. 

Retina  of  Anniella,  393. 
Ribs  of  Anniella,  371. 

Scales  of  Anniella,  363,  366. 
Skeleton  of  Anniella,  361,  367. 
Skull  of  Anniella,  367. 
Spleen  of  Anniella,  35S,  359. 

Tests  and  sperm  ducts,  372. 
Thalamencephalon,  388. 
Trigonophis,  377. 
Typhlophthalmi,  350. 

Ureters  of  Anniella,  380. 
Urinary  bladder  of  Anniella,  381. 
Urogenital  organs  of  Anniella,  371. 

Vertebrw  of  Anniella,  371. 
Visceral  anatomy  of  Anniella,  353. 

Wolffian  ducts,  381. 
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